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Description 

This invention relates to an angular velocity sensor according to the preamble of claim 1 . 
A sensor of this type is known from EP-A-0461761 . 
5 In the automobile industry, machinery industry, and the like, there has been an increased demand for sensors 

capable of precisely detecting acceleration or angular velocity of a moving object (body). In general, an object which 
carries out free movement in a three-dimensional space bears an acceleration in an arbitrary direction and an angular 
velocity in an arbitrary rotational direction. For this reason, in order to precisely grasp movement of this object, it is 
necessary to independently detect acceleration components in every respective coordinate axial direction and angular 
to velocity components about every respective coordinate axis in the XYZ three-dimensional coordinate system, respec- 
tively. 

Hitherto, multi-dimensional acceleration sensors of various types have been proposed. For example, in the Inter- 
national Laid Open No. WO88/08522 based on the Patent Cooperation Treaty (U.S.R No. 4967605/US.P. No. 
518251 5), there is disclosed an acceleration sensor in which resistance elements formed on a semiconductor substrate 

is are used to detect applied acceleration components in every respective coordinate axial direction. Further, in the In- 
ternational Laid Open No. WO91/10118 based on the Patent Cooperation Treaty (U.S.P. Appln. No: 07/761771), a 
multi-axial acceleration sensor having self-diagnostic function is disclosed. Further, in the International Laid Open No. 
W092/1 7759 based on the Patent Cooperation Treaty (U.S.P. Appln. No. 07/952753), there is disclosed an acceleration 
sensor in which electrostatic capacitance elements or piezoelectric elements are used to detect applied acceleration 

20 components in every respective coordinate axial direction: Further, also in the Japanese Patent Application No. 
274299/1990 (Tokuganhei 2-274299) specification and the Japanese Patent Application No. 416188/1990 (Tokuganhei 
2-416188) specification (U.S.P. Appln. No. 07/764159), a multi-axial acceleration sensor similar to the above is dis- 
closed. In the Japanese Patent Application No. 306587/1991 (Tokuganhei 3-306587) specification (U.S.P. Appln. No. 
07/960545), a novel electrode arrangement in a similar multi-axial acceleration sensor is disclosed. In addition, in the 

25 International Application PCT/JP92/00882 specification based on the Patent Cooperation Treaty, a multi-axial accelr 
eratfon sensor using piezoelectric element of another type is disclosed. The feature of these acceleration sensors is 
that a plurality of resistance elements, electrostatic capacitance elements or piezoelectric elements are arranged at 
predetermined positions of a substrate having flexibility to detect applied acceleration components on the basis of 
changes in resistance values of the resistance elements, changes in capacitance values of the electrostatic capacitance 

30 elements or changes in voltages produced in the piezoelectric elements. A weight body is attached on the substrate 
having flexibility. When an acceleration is applied, a force is applied to the weight body and bending occurs in the 
flexible substrate. By detecting th is bending on the basis of the above-described changes in resistance values, capac- 
itance values or charges produced, it is possible to determine acceleration components in respective axial directions. 
On the contrary, the inventor of this application cannot find any literature relating to a multi-dimensional angular 

os velocity sensor so far as he knows. Ordinarily, angular velocity sensors are utilized for detecting an angular velocity of 
a power shaft, etc. of a vehicle, and only have a function to detect an angular velocity about a specific single axis (EP- 
A-0461761). In such cases of determining a rotational velocity of the power shaft, it is sufficient to use an one-dimen- 
sional angular velocity sensor. However, in order to detect angular velocity with respect to an object which carries out 
free movement in a three-dimensional space, ft is necessary to independently detect angular velocity components 

40 about respective axes of the X-axis, the Y-axis and the Z-axis in the XYZ th ree-dimensional coordinate system. In order 
to detect angular velocity components about respective axes of the X-axis, the Y-axis and the Z-axis by using one- 
dimensional angular velocity sensors conventionally utilized, it is necessary that three sets of angular velocity sensors 
are prepared to attach them in specific directions permitting detection of angular velocity components about respective 
axes. For this reason, the structure as the entirety of the sensor becomes complicated, and the cost also becomes high. 

45 

DISCLOSURE OF THE INVENTION 

An object ot this invention is to provide a novel multimodal angular velocity sensor having a relatively simple structure 
and capable of independently detecting angular velocity components about respective axes of X-axis, Y-axis and Z- 
so axis in XYZ three-dimensional coordinate system, respectively. 

This is achieved by the features of claim 1 , preferred embodiments are defined by the dependent claims. 

The fundamental principle utilized in this invention resides in that in the case where an angular velocity © about a 
first coordinate axis is exerted on an oscillator placed in an XYZ three-dimensional coordinate system, when this os- 
cillator is oscillated in a second coordinate axis direction, a Coriolis force proportional to the magnitude of the angular 
55 velocity <o is produced in a third coordinate axis direction. In order to detect angular velocity a> by utilizing this principle, 
means for oscillating an oscillator in a predetermined coordinate axis direction, and means for detecting displacement 
in a predetermined coordinate axis direction produced in the oscillator by action of the Coriolis force are required. In 
addition, in order to detect ail of angular velocity component e>x about the X-axis, angular velocity component <oy about 
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the Y-axis, and angular velocity component coz about the Z-axis, means for oscillating the oscillator in three axes 
directions and means for detecting displacements in the three axes directions produced in the oscillator are required. 
This invention provides a sensor having such means, and is characterized by the features of claim 1 . 

5 BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a perspective view showing the fundamental principle of an one-dimensional angular velocity sensor 
utilizing Coriolis force conventionally proposed. 

Fig. 2 is a view showing angular velocity components about respective axes in an XYZ three-dimensional coordi- 
10 nate system, which are to be detected in this invention. 

Fig. 3 is a view for explaining the fundamental principle for detecting an angular velocity component tax about the 
X^is by this invention. 

Fig. 4 is a view for explaining the fundamental principle for detecting an angular velocity component coy about the 
Y-axis by this invention. 

is Fig. 5 is a view for explaining the fundamental principle for detecting an angular velocity component ©z about the 
Z-axis by this invention. 

Fig. 6 is a side cross sectional view showing the structure of a multi-axial angular velocity sensor according to a 
first embodiment of this invention. 

Fig. 7 is a top view of flexible substrate 110 of the multi-axial angular velocity sensor shown in Fig. 6. 
20 Fig. 8 is a bottom view of fixed substrate 1 20 of the multi-axial angular velocity sensor shown in Fig. 6. 

Fig. 9 is a side cross sectional view showing the state where oscillator 1 30 in the multi-axial angular velocity sensor 
shown in Fig. 6 is caused to undergo displacement in the X-axis direction. 

Fig. 10 is a side cross sectional view showing the state where oscillator 130 in the multi-axial angular velocity 
sensor shown in Fig. 6 is caused to undergo displacement in the -X axis direction. 
25 Fig. 11 is a side cross sectional view showing the state where oscillator 1 30 in the multi-axial velocity sensor shown 

in Fig. 6 is caused to undergo displacement in the Z-axis direction. 

Fig. 12 is a view showing a voltage waveform supplied for allowing oscillator 130 to produce oscillation Ux in the 
X-axis direction in the multi-axial angular velocity sensor shown in Fig. 6. 

Fig. 1 3 is a view showing a voltage waveform supplied for allowing oscillator 1 30 to produce oscillation Uy in the 
30 Y-axis direction in the multi-axial angular velocity sensor shown in Fig. 6. 

Fig. 14 is a view showing a voltage waveform supplied for allowing oscillator 1 30 to produce oscillation Uz in the 
Z-axis direction in the multi-axial angular velocity sensor shown in Fig. 6. 

Fig. 1 5 is a side cross sectional view showing the phenomenon that Coriolis force Fy is produced on the basis of 
angular velocity component ox when oscillator 1 30 is caused to produce oscillation Uz in the multi-axial angular velocity 
35 sensor shown in Fig. 6. 

Fig. 16 is a side cross sectional view showing the phenomenon that Coriolis force Fz is produced on the basis of 
angular velocity component <oy when oscillator 1 30 is caused to produce oscillation Ux in the multi-axial angular velocity 
sensor shown in Fig. 6. 

Fig. 17 is a side cross sectional view showing the phenomenon that Coriolis force Fx is produced on the basis of 
40 angular velocity component oaz when oscillator 1 30 is caused to produce oscillation Uy in the multi-axial angular velocity 
sensor shown in Fig. 6. 

Fig. 18 is a circuit diagram showing an example of a circuit for detecting change of a capacitance value of elec- 
trostatic capacitance element C. 

Fig. 1 9 is a timing chart for explaining the operation of the circuit shown in Fig. 18. 
45 Fig. 20 is a circuit diagram showing an example of a circuit for detecting changes of capacitance values of a pair 
of electrostatic capacitance elements CI, C2. 

Fig. 21 is a timing chart for explaining the operation of the circuit shown in Fig. 20. 

Fig. 22 is a side cross sectional view for explaining the principle of a first modification of the multi-axial angular 
velocity sensor shown in Fig. 6. 
so Fig. 23 is another side cross sectional view for explaining the principle of the first modification of the multi-axial 
angular velocity sensor shown in Fig. 6. 

Fig. 24 is a further side cross sectional view for explaining the principle of the first modification of the multi-axial 
angular velocity sensor shown in Fig. 6. 

Fig. 25 is a side cross sectional view showing a more practical structure of the first modification of the multi-axial 
55 angular velocity sensor shown in Fig. 6. 

Fig. 26 is a view showing an example of a method of applying a voltage to respective electrodes of the multi-axial 
angular velocity sensor shown in Fig. 25. 

Fig. 27 is a side cross sectional view showing a more practical structure of a second modification of the multi-axial 
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angular velocity sensor shown in Fig. 6. 

Fig. 28 is a side cross sectional view showing the structure of a multi-axiaf angular velocity sensor according to a 
second embodiment of this invention. 

Fig. 29 is a top view of flexible substrate 210 of the multi-axiat angular velocity sensor shown in Fig. 26. 
s Fig. 30 is a side cross sectional view showing a cross section at another position of the multi-axial angular velocity 

sensor shown in Fig. 28. 

Fig. 31 is a bottom view of fixed substrate 230 of the multi-axial angular velocity sensor shown in Fig. 28. 
Fig. 32 is a side cross sectional view showing a first modification of the multi-axial angular velocity sensor shown 
in Fig. 28. 

io Fig. 33 is a side cross sectional view showing a second modification of the multi-axial angular velocity sensor 

shown in Fig. 28. 

Fig. 34 is a top view of flexible substrate 250 of the multi-axial angular velocity sensor shown in Fig. 33. 
Fig. 35 is a side cross sectional view showing the structure of a multhaxial angular velocity sensor according to a 
third embodiment of this invention. 
is Fig. 36 is a top view of flexible substrate 31 0 of the multi-axial angular velocity sensor shown in Fig. 35. 
Fig. 37 is a view showing arrangement of resistance elements R shown in Fig. 36. 

Fig. 38 is a side cross sectional view showing a state where Coriolis force Fx is exerted on the multi-axial angular 
velocity sensor shown in Fig. 35. 

Fig. 39 is a circuit diagram showing an example of a circuit for detecting Coriolis force Fx in the X-axis direction 
20 exerted on the multi-axial angular velocity sensor shown in Fig. 35. 

Fig. 40 is a circuit diagram showing an example of a circuit for detecting Coriolis force Fy in the Y-axis direction 
exerted on the multi-axial angular velocity sensor shown in Fig. 35. 

Fig. 41 is a circuit diagram showing an example of a circuit for detecting Coriolis force Fz in the Z-axis direction 
exerted on the multi-axial angular velocity sensor shown in Fig. 35. 
25 Fig. 42 is a side cross sectional view showing a structure of a multi-axial angular velocity sensor according to a 
fourth embodiment of this invention. 

Figs. 43(a) and 43(b) are views showing a polarization characteristic of a piezoelectric element used in the mutti- 
axial angular velocity sensor shown in Fig. 42. 

Fig. 44 is a side cross sectional view showing a state where the multi-axial angular velocity sensor shown in Fig. 
30 42 is caused to undergo displacement in the X-axis direction. 

Fig. 45 is a side cross sectional view showing a state where the multi-axial angular velocity sensor shown in Fig. 
42 is caused to undergo displacement in the Z-axis direction. 

Fig. 46 is a wiring diagram showing a wiring for detecting Coriolis force Fx in the X-axis direction exerted on the 
multi-axial angular velocity sensor shown in Fig. 42. 
35 Fig. 47 is a wiring diagram showing a wiring for detecting Coriolis force Fy in the Y-axis direction exerted on the 

multi-axial angular velocity sensor shown in Fig. 42. 

Fig. 48 is a wiring diagram showing a wiring for detecting Coriolis force Fz in the Z-axis direction exerted on the 
multi-axiat angular velocity sensor shown in Fig. 42. 

Figs. 49(a) and 49(b) are views showing a polarization characteristic opposite to the polarization characteristic 
40 shown in Figs. 43(a) and 43(b). 

Fig. 50 is a plan view showing a distribution of the polarization characteristics of a piezoelectric element used in 
the first modification of the multi-axial angular velocity sensor shown in Fig. 42. 

Fig. 51 is a wiring diagram showing a wiring for detecting Coriolis force Fx in the X-axis direction exerted on the 
multi-axial angular velocity sensor using piezoelectric elements shown in Fig. 50. 
4$ Fig. 52 is a wiring diagram showing a wiring for detecting Coriolis force Fy in the Y-axis direction exerted on the 
multi-axial angular velocity sensor using piezoelectric elements shown in Fig. 50. 

Fig. 53 is a wiring diagram showing a wiring for detecting Coriolis force Fz in the Z-axis direction exerted on the 
multi-axial angular velocity sensor using piezoelectric elements shown in Fig. 50. 

Fig. 54 is a side cross sectional view showing a structure of a second modification of the multi-axial angular velocity 
so sensor shown in Fig. 42. 

Fig. 55 is a side cross sectional view showing a structure of a third modification of the multi-axial angular velocity 
sensor shown in Fig. 42, 

Fig. 56 is a side cross sectional view showing a structure of a fourth modification of the multi-axial angular velocity 
sensor shown in Fig. 42. 

& Fig. 57 is a top view showing a structure of a multi-axial angular velocity sensor according to a fifth embodiment 
of this invention. 

Fig. 58 is a side cross sectional view showing the structure of the multi-axial angular velocity sensor shown in Fig. . 

57. 
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Fig. 59 is a top view showing an arrangement ol localized elements defined in the multi-axial angular velocity 
sensor shown in Fig. 57. 

Figs. 60(a) and 60(b) are views showing a polarization characteristic of a piezoelectric element used in the multi- 
axial angular velocity sensor shown in Fig. 57. 
5 Fig. 61 is a side cross sectional view showing a state where the multi-axial angular velocity sensor shown in Fig, 

57 is caused to undergo displacement in the X-axis direction. 

Fig. 62 is a side cross sectional view showing a state where the multi-axial angular velocity sensor shown in Fig. 
57 is caused to undergo displacement in the Z-axis direction. 

Fig. 63 is a wiring diagram showing a wiring for detecting Coriolis force Fx in the X-axis direction exerted on the 
10 multi-axial angular velocity sensor shown in Fig. 57. 

Fig. 64 is a wiring diagram showing a wiring lor detecting Coriolis force Fy in the Y-axis direction exerted on the 
multi-axial angular velocity sensor shown in Fig. 57. 

Fig. 65 is a wiring diagram showing a wiring for detecting Coriolis force Fz in the Z-axis direction exerted on the 
multi-axial angular velocity sensor shown in Fig. 57. 
'5 Figs. 66(a) and 66(b) are views showing a polarization characteristic opposite to the polarization characteristic 
shown in Fig. 60. 

Fig. 67 is a plan view showing a distribution of the polarization characteristics of a piezoelectric element used in 
the first modification of the multi-axial angular velocity sensor shown in Fig. 57. 

Fig. 68 is a side cross sectional view showing a state where Coriolis force Fx in the X-axis direction is exerted on 
20 the multi-axial angular velocity sensor using the piezoelectric element shown in Fig. 67. 

Fig. 69 is a side cross sectional view showing a state where Coriolis force Fz in the Z-axis direction is exerted on 
the multi-axial angular velocity sensor using the piezoelectric element shown in Fig. 67. 

Fig. 70 is a wiring diagram showing a wiring for detecting Coriolis force Fx in the X-axis direction exerted on the 
multi-axial angular velocity sensor using the piezoelectric element shown in Fig. 67. 
25 Fig. 71 is a wiring diagram showing a wiring for detecting Coriolis force Fy in the Y-axis direction exerted on the 
multi-axial angular velocity sensor using the piezoelectric element shown in Fig. 67. 

Fig. 72 is a wiring diagram showing a wiring for detecting Coriolis force Fz in the Z-axis direction exerted on the 
multi-axial angular velocity sensor using the piezoelectric element shown in Fig. 67. 

Fig. 73 is a side cross sectional view showing a structure of a second modification of the multi-axial angular velocity 
sensor shown in Fig. 57. 

Fig. 74 is a side cross sectional view showing a structure of a third modification of the multi-axial angular velocity 
sensor shown in Fig. 57. 

Fig. 75 is a perspective view showing a fundamental principle of a multi-axial angular velocity sensor according 
to a sixth embodiment of this invention. 
55 Fig. 76 is a side cross sectional view showing a more practical structure of the multi-axial angular velocity sensor 
according to the sixth embodiment o1 this invention. 

Fig. 77 is a flowchart showing a procedure ol a detecting operation in the multi-axial angular velocity sensor ac- 
cording to this invention. 

Fig. 78 is a view showing an actual example of a circuit configuration for carrying out the detecting operation in 
40 the multi-axial angular velocity sensor according to this invention. 

Fig. 79 is a view for explaining another fundamental principle for detecting angular velocity component cox about 
the X-axis by this invention. 

Fig. 80 is a view for explaining a further fundamental principle for detecting angular velocity component asy about 
the Y-axis by this invention. 

4$ Fig. 81 is a view for explaining a still further fundamental principle for detecting angular velocity component <az 
about the Z-axis by this invention. 

BEST MODE FOR CARRYING OUT THE INVENTION 

so §0 Fundamental Principle 

<0. 1> Uni-axial Angular Velocity Sensor 

I nitialty, the detection principle of angular velocity by a uni-axial angu tar velocity sensor which forms the foundation 
$s of a multi-axial angular velocity sensor according to this invention will be briefly described. Fig. 1 is a view showing the 
fundamental principle of an angular velocity sensor, disclosed in Magazine "THE INVENTION" complied under the 
supervision of the Japanese Patent Office, vol. 90, No. 3 (1 993), page 60. An oscillator 10 in a square pillar is prepared 
and consideration is now made in connection with an XYZ three-dimensional coordinate system in which X-, Y- and 
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U in me X-axis direction, a Coriolis force F takes .P^«J£J JJ along lhe X-axis of the figure, Conohs. 

rotated whht^ 

force F is to be produced in the Y-a*s is expressed as follows: 

Foucauh's pendulum. A Coriolis force F produced is expres 



F = 2mv- 



is 



20 



25 



30 



35 



40 



45 



The uni-axial angular velocity sensor disclosed m the P™™ 8 ^ first pje20 electric element 11 ,s 

veloctty «> by making use of the above phenomenon. Nam* as shown in hg p K e(ement , 2 is attach ed 

on a second surface perpendicular to the first ^^ o ^^ w ^ | ator 10 to produce oscillation U, the piezoelectric 
comprised ol piezoelectric ceramic is used. In order to allow the okh h piezoe |ectric element 12 is utilized. 
3S is utilized. P^^^^^^^^^^S^L^e^n fepeat s expansive 
Slnana.c.vo«age^ 

and contractive movements and oscillates in the X*"**"?^ when the oscillator 1 0 itself rotates at an angular 
so « he oscillator 1 0 oscillates in the X ^^^ 

possible to detect angular velocity <o. 

<0 2> Multi-axial Angular Velocity Sensor 

^above.escrib,dc.v e n,iona.angu. 
theZ-axis.andmissensoristhereforeun^ 

Thisinventioncontenplatesp^^^^ 
detecting an angular velocity com^^^ 

an angular velocity component ^f^^^^J^M now be described with reference to Figs. 3 to BJt » 
predetermined obiect 20. The «"?7^^S*^- XYZthree<limens,ona. coordinate system. In«der 
nowassun^lhatanoscillator30isp^^^ 

,o detect angular velocity component ux £t th « os ^ ^ ^ me M dlfect ^ 

Fy produced in the Y-axis direction w*en the gular velocity components. Further, inorder 

as^hFigS.TheCoridisforceF^ 

todetectangularveloc^ayaboirt^ Ux jn ^ M direction as shown m 

Fx takes a value proportional to angular velocity o>z. rasoe ctive axes in the XYZ three-dimensional 

^nmlly. in order to detect angular veloci^ 

cooroTtesystem.^ 

it in the Y-axis direction, and the ^^^.^^^ the mechanism for detecting Coriol.s force Fy m 
<0. 3> Oscillation MechanfenVDetectton Mechanism 



ss 



anism as described below may be utilized. 
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(1) Mechanism utilizing Coulomb force: 

A first electrode and a second electrode are respectively formed on the oscillator side and on the sensor casing 
side to dispose a pair of electrodes in a manner opposite to each other. If charges of the same polarity are delivered 
s to the both electrodes, a repulsive force is exerted. In contrast, if charges of different polarities are delivered, an at- 
tractive force is exerted. Accordingly, when an approach is employed to allow the both electrodes to interchangeably 
undergo repulsive force and attractive force exerted therebetween, the oscillator oscillates relative to the sensor casing. 

(2) Mechanism utilizing piezoelectric element: 

This mechanism is the mechanism used in the uni-axial angular velocity sensor shown in Fig. 1 . By applying an 
a.c. voltage across the piezoelectric element 11, the oscillator 10 is oscillated. 

(3) Mechanism utilizing electromagnetic force. 

15 

An oscillator comprised of a magnetic material is used and a coil is disposed on the sensor casing side to allow a 
current to flow in the coil to exert an electromagnetic force thereon to oscillate the oscillator. 

On the other hand, as the mechanism for detecting Coriolis force, respective mechanism as described below may 
be utilized. 

20 

(1) Mechanism utilizing change of the electrostatic capacitance: 

A first electrode and a second electrode are respectively formed on the oscillator side and on the sensor casing 
side to dispose a pair of electrodes in a manner opposite to each other. When a Coriolis force is applied to the oscillator, 
25 so displacement takes place, the spacing (distance) between the both electrodes varies. For this reason, the electro- 
static capacitance value of an electrostatic capacitance element constituted by the both electrodes varies. By measuring 
a change of the capacitance value, the applied Coriolis force is detected. 

(2) Mechanism utilizing piezoelectric element: 

30 

This mechanism is the mechanism used in the uni-axial angular velocity sensor shown in Fig. 1 . When a Coriolis 
force F is applied to the piezoelectric element 1 2, the piezoelectric element 12 produces a voltage proportional to the 
Coriolis force F. By measuring the voltage thus produced, the applied Coriolis force is detected. 

35 (3) Mechanism utilizing differential transformer: 

An oscillator comprised of a magnetic material is used and a coil is disposed on the sensor casing side. When a 
Coriolis force is applied to the oscillator, so any displacement takes place, the distance between the oscillator and the 
coil varies. For this reason, inductance of the coil varies. By measuring a change of the inductance, the applied Coriolis 
force is detected. 

(4) Mechanism utilizing piezo-resistance element: 

A substrate such that bending takes place when a Coriolis force is applied thereto is provided. A piezo-resistance 
45 element is formed on the substrate to detect a bending produced in the substrate as a change of the resistance value 
of the piezo-resistance element. Namely, by measuring a change of the resistance value, the applied Coriolis force is 
detected. 

While the fundamental principle of the multi-axial angular velocity sensor according to this invention has been 
briefly described, more practical examples of sensors of a simple structure operative on the basis of such fundamental 
50 principle will now be described below. 

§1 FIRST EMBODIMENT 

<1 . 1> Structure Of Sensor According To First Embodiment 

55 

A multi-axial angular velocity sensor according to the first embodiment of this invention will be first described. The 
sensor of the first embodiment is a sensor in which a mechanism utilizing Coulomb force is used as the oscillation 
mechanism and a mechanism utilizing change of electrostatic capacitance is used as the detection mechanism. 
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10 



is 



20 



25 



Fig.Sisastfecrosssection^ 

Mb substrate »<>^*^*^'ZZ^™ (Sn the ower surtace of the flexible substrate 110, a 
other with a predetermined spacing (d.stance) £££J££ rtion 0 , the flex ib.e substrate 110 and the outer 
columnar oscillator 1 30 is fixed. Further, the by a sensor casing 140. On the lower surface of 

circumferential portion of the fixed substrate ^ ^Jjj^ ^ thereof is indicated in Fig. 6) are formed 
the fixed substrate 120, five upper electrode layers El R to F5 (only a p^n thereof 

Similady, on me upper surface of the fle^le sub^ 

isalsoirxlicated)are^^ 

tr*« bending .mytake place. O^ 

a diaphragm. The osciUator 1 30 ,s ^^^.^^ Section with an XYZ three<iimensiona. coord.nate 
For convenience of explanation, f™*^** ^ ts SU me^ as the origin. Namely. X-axis is defied in a nght 
system « which the gravity pos.,^ 

direction of the figure. Z-ax.s ,s defined in an upper J^^JL, v|ew cut along tne XZ plane of the sensor It « 

layers are not short-circuited. a | actro de layers F1 to F5 are clearly shown in Fig. 7. Fig. 7 is a top 

The shape and the arrangement of the lower electrode layers r F 1 to F4 and a circular lower 

viewof the flexible substmte 110. and the manner ^J^^JSS Sd the arrangement of the upper 
electrode layer F5 are arranged ^^^^F^^**™**"* 12 °' ^ T" 
electrode layers 61 to E5 are dearly ^'"^ 

howfan-shaped upper electrode layers E to E4 and a c rcu.a r upp ^ ^ ^ and are formed at 

The upper electrode layers E1 to E5 and ^^^^ostatic capacitance elements are formed by com- 
positions opposite to each other. '^^^^tS^^c^ elements in total are formed. 
Ending pair, of opposite electrode ^ - $££££^ elements CI to C5. For example, an 



30 



35 



40 



element C1. 

<1 . 2> Oscillation Mechanism Ol Oscillator 



45 



so 



55 



of electrodes of the sensor. First, cons.derat.on w,ll be mad .n the case ^ P ^ ^ ^ elecUode 

across the electrode layers E1 F1 "^£J£ e.ec'ode layers undergo an attractive 

layer E1 side is positive and the electrode layer F1 sKte .s "W™*' ^ flexjb|e substrate 110 is a substrate 
See based on Coulomb force exerted ^^ 'lly, as shown in Fig. 9, the flexible 

having flexibility. Accordingfc^^^^ 

f ap ;Td!=^^ 

E2. F2. For example, as shown in Fig. exerted therebetween. Thus, the flexible 

the electrode F2 side is negative, these ^^"^^X^ meTe^trode layers E2, F2 is contracted. As a 
Substrate 110 is mechanically deformed £M*. ***** ^JjJJ^S. of the X-axis. Eventually, when a 
result the oscillator 130 produces a d.sp lacement by AX m ^nega displace ment in the pos.t N e 

^possible to reciprocate the oscillator 130 in the ^ d^ion. ee|ectrooeteye rs arranged 

Ew*ile.as 8 howninFig,7^ 
on the X-axis. On the contrary, the electrode ^f/^^ 
easily understood that an W<<^' sem P^ ed, °^ 
layers E3. F3 and application ol voltage across the electrode layers fc4, 

1 30 in the Y-axis direction. ^ re a predetermined voltage is applied 
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E5 side is positive and the electrode layer F5 side is negative, these electrodes undergo an attractive force exerted 
therebetween, so flexible substrate 110 is mechanically deformed so that the distance between the electrode layers 
E5, F5 is contracted. Since these electrode layers E5, F5 are both positioned at centers of respective substrates, there 
takes place a displacement such that the flexible substrate 110 undergoes parallel displacement in the Z-axis direction 

s without being inclined. As a result, the oscillator 1 30 produces a displacement by AZ in the positive direction of the Z- 
axis. When application of voltage across the both electrode layers E5, F5 is stopped, the oscillator 130 returns to the 
original position (position shown in Fig. 6). Accordingly, by intermittently carrying out application of voltage across the 
both electrode layers E5, F5, it is possible to reciprocate the oscillator 130 in the Z-axis direction. 

As stated above, when application of voltage is carried out with respect to a specific set of electrode layers at a 

10 specific timing, it is possible to oscillate the oscillator 1 30 along the X-axis, the Y-axis and the Z-axis. It is to be noted 
that while it has been described that voltage is applied so that the upper electrode layers E1 to E5 side are positive 
and the lower electrode layer F1 to F5 side are negative, even it the polarity is caused to be opposite to the above, an 
attractive force is also exerted, with the result that the same phenomenon takes place. 

Eventually, in order to allow the oscillator 130 to produce oscillation Ux in the X-axis direction, it is sufficient to 

is apply a voltage V1 having a waveform as shown in Fig. 1 2 across the electrode layers E1 , F 1 , and to apply a voltage 
V2 having a waveform as shown in Fig. 12 across the electrode layers E2, F2. When voltages of such waveform are 
applied, a displacement AX as shown in Fig. 9 is produced in the oscillator 130 at time periods t1, t3, t5, and a dis- 
placement -AX as shown in Fig. 1 0 is produced in the oscillator 1 30 at time periods t2, t4. Similarly, in order to allow 
the oscillator 1 30 to produce oscillation Uy in the Y-axis direction, it is sufficient to apply a voltage V3 having a waveform 

20 as shown in Fig. 1 3 across the electrode layers E3, F3, and to apply a voltage V4 having a waveform as shown in Fig. 
1 3 across the electrode layers E4 ; F4. In order to allow the oscillator 1 30 to produce oscillation Uz in the Z-axis direction, 
it is sufficient to apply a voltage V5 having a waveform as shown in Fig, 14 across the electrode layers E5. F5. When 
voltage V5 of such a waveform is applied, a displacement AZ as shown in Fig. 11 is produced in the oscillator 130 at 
time periods t1 , t3, t5 ( and the oscillator 130 returns to the position shown in Fig. 6 by a restoring force of the flexible 

2S substrate 1 10 at time periods t2, t4 (At this time, a displacement -AZ corresponding to an inertia force is produced). 

<1 . 3> Mechanism For Detecting Coriolis Force 

1 . 3. 1 Coriolis force based on angular velocity tax about the X-axis 

30 

Subsequently, the mechanism for detecting a Coriolis force exerted on this sensor by making use of changes of 
electrostatic capacitance will be described. Initially, consideration is made in connection with the phenomenon that an 
angular velocity <ox about the X-axis is exerted on the sensor. For example, in the case where object 20 shown in Fig. 
2 is carrying out rotational movement at an angular velocity m about the X-axis, if this sensor is mounted on the object 

35 20, angular velocity (component) <dx about the X-axis is exerted on the oscillator 130. Meanwhile, as explained with 
reference to Fig. 3, when the oscillator is caused to produce oscillation Uz in the Z-axis direction in the state where ■ 
angular velocity ox about the X-axis is exerted, a Coriolis force Fy is produced in the Y-axis direction. Accordingly, 
when an approach is employed to apply a voltage V5 having a waveform as shown in Fig. 14 across the electrode 
layers E5, F5 of this sensor, and to allow the oscillator 1 30 to produce oscillation Uz in the Z-axis direction, a Coriolis 

40 force Fy must be produced in the Y-axis direction. 

Fig. 1 5 is a side cross sectional view showing the state where a mechanical deformation is produced in the flexible 
substrate 110 by this Coriolis force Fy. When the oscillator 130 is oscillated in the Z-axis direction in the state where 
the entirety of the sensor rotates at angular velocity m about the X-axis (in a direction perpendicular to plane surface 
of the figure), a Coriolis force Fy is produced in the Y-axis direction, so a force for moving the oscillator 130 in the Y- 

45 axis direction is applied. By this force, the flexible substrate 110 is deformed as shown. Such deformation deviating in 
the Y-axis direction is not based on Coulomb force between electrode layers, but results from Coriolis force Fy. With 
respect to a voltage applied across the electrode layers, voltage V5 as shown in Fig. 14 is only applied across the 
electrode layers E5, F5 as described above, but any application of voltage is not carried out with respect to other pairs 
of electrode layers. In this case, since the Coriolis force Fy produced takes a value proportional to the angular velocity 

so component <ax, if the value of the Coriolis force Fy can be measured, it is possible to detect the angular vetocity com- 
ponent <ox. 

In view of this, the Coriolis force Fy is measured in accordance with the following method by making use of a 
change of electrostatic capacitance. Let now consider the distances between the upper electrode layers E1 to E5 and 
the lower electrode layers F1 to F5. Since the oscillator 130 oscillates in upper and lower directions of Fig. 15, con- 
ss traction and expansion of the distance between both the electrode layers are cyclically repeated. Accordingly, the 
phenomenon that capacitance values (which are assumed to be indicated by the same reference numerals C1 to C5) 
of the capacitance elements C1 to C5 constituted with the upper electrode layers E1 to E5 and the lower electrode 
layers F1 to F5 all cyclically increase or decrease will be repeated. However, a deformation deviating in the Y-axis 



9 



EP 0 662 601 B1 



direct^alwayswi^ 

130 oscillates upwardly anddo^ 

of the capacitance element C3 is always smaller than. he ^;^ at ^ hipexp ^^03 >C4 always holds. 
Between thecapacitance value C3 and thecapacaan^ 

foitows. First, a voKage V5 of a waveform as si «j «F£ 4 * ap .« ^ ^ ^ ^ 

,o oscillator 1 30 to produce osc.llat.on Uz rn th ■ ™ AC34 determined in this way indicates a 

between the capacitence elements C3. C4 at ^^^^^^^^sES.FSu^t^^ 
detected valueof angularity c^ ^ are eleetrically 

is and the detection mechanism. 

^ 3 2 Coriolis force based on angular velocity coy about the Y-axis 

' Letc^derme^enom^ 
» explained with reference to F,g. ^^^^cls force Fz is produced in the Z«xis directs, 
state where angular velocity coy about he Y-ax.s ■ ^ d voHa V2 having waveforms as shown in 
Accordingly, when an approach is teyers E2, F2 of this sensor, and to altow oscillator 

Fig. 1 2 across the electrode layers E1 , F and across y be produced in the Z«xis direction. 
, i , 0 produce option Ux in the 'JJ^iEK de.orma.cn is produced in the flexible 

Fig-ieisasfctecrosssecM 

substrate 110 by this Coriol.s force Fz. When ^ outthe Y-axis (in a direction perpendicular to plane surface 

meentiretyofWssensorrotatesatana^gularvekxity^ 

of paper o. me figure), a Coriolis force Fz ,s f^^^SSTo is deformed as shown. Such deformation 
in theZ-axis direction is applied. By. h,s ^ 
so deviating in .he Z-axisdirec.,on.s not ^ as described above, voltages VI, V2 as shown^ 

Fz. With respect to application of voltage^ across electrode _layers • ^fe^B^ acro8 s other elecUode 
Fig. ^angufcr ve.oc«y coy, if the value of the 

layers. Since the Cortohs force Fz produced ^ ™ ^ e|ociIy (comp onent) cay. 
Coriolis force Fz can be measured, it .s ^ 1 °"™^Z baX clp^ce value C5 of the capacitance 
The value of the Coriolis force Fz can be determrn «T on the oas* o^ P* because there can be 

e.emen» C 5 formed by the upper ^}^^SZSSS^*» ^ betwee " «"* T 
obtained the relationship that as * e CM ^ FZ 

trode layers is contracted, so me capacrt^e vafue c^ee^ g ^ capacttance value C5 becomes 

becomes smaller, the distance between be* >*» ^^^S^M^cm^^^^^ 
small. ..is to be noted mat theosc,to.or130«c» 

on measurement of capacitance value C5. When the osc JJ*^£ e)eclrode te F5 are pla ced In non- 

in a negative direction of me X-axrs the upper ^SfC electrode tayers is partially contracted and is partially 
parallel state. However, since me drstance bettreen J^J^Je C5 as a wTote. 

expanded, me oscillation Ux has no influence on the <^™°°£™ about tne Y-axis described above is as 
. ' Summary o. the procedure for detecting F ^Te ^across the electrode layers E1.F1; 

follows. First, voltages VI and V2 o. waveforms i asshown " F » ™ m& t0 determine a capacitance 
E2. F2 .0 allow me oscillator 130 to 
value of me capacHance element CS ^ 

tec.ion mechanism. 

1 3 3 Coriolis force based on angular velocity coz about the Z-axis 
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electrode layers E3. F3 and across he «««*2ESi*i difference AC12 between the capacitance elements 
Uy in the Y-axis direction, thus to d^^^^^fndJates a detected value of angular velocity «a to be 
C, , C2 at that time point. Terence _AC 1 thus J^jJJShB oscillation and the e.ectrode fcyers E1 J. 
determined. Since the electee layers E3_F3^ 
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<1 . 4> Circuit For Detecting Coriolis Force 
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< 1 . V_/IIUUtl I w< ^ 

Asdesc^above^ese^^^ 
tected by determining a difference AC34 between ; c J ac ^ 

is detected by determining capacrtance value C5 an ^^.^Js.anexampleolacircurtsuitable.ormeasunng 
adifferenceACIZbetweencapaatancevaluesC ^ ^ C2 ^ W ^^ e is discl0 sed. rf 
acapacitance value oracapacftancevalue^ 
F,g.l8showsanexa.npleofac.rcurtfame^ 
toaninputterminalTt isbranched ^nto signate, jv two j^^SfS s further passed trough a delay circu« 
,51 and 152. In the tower path the ^^^f t ^Z t % becoming one input signal of an Exduave OB 
comprised of a resistor 153 and a W^^^JSr 151 results in becoming the other input agnal o 
drcuit 1 54. In the upper path, the 8 ^Pf^^SS e OR circuit 154 Is deliver^ 
the Exclusive OR drcuit 154 as i ^.^°^^ZZ purpose of providing sufficient drive ability wflh 
T2 . in this example, the inverter 152 is C In addition, the inverter 151 . an 

rSS^ame operat«g characteristic as that ot the pred etermined period is 

*TSZ**&» made in conneotion *°<*^^^^ F *> 19 »! 

deliveredfomeinpul termini 
Umingchartshowingwaveforrnsappear^re^ 

period! is delivered to the input terminal T1 < Wth0U9h J^™^ x ^, ton) in this example. The wavetorm on the node 
is indicated as a pure rectangular wave for convemen« .of JJPj^™ de(ayed by a time a required 

N1.v*ich is one input term^^ 
,or which a sigr^ is passed through the ^ rte M 5 ^ 

On the other hand, the wavetorm on the ^^.^fX^lvb* tor which a signal is passed through the 
an inverted wavefcnn delayed by a t.^ 
inverter 152 and a time b required lor which 

and me capacitance elementC^^^ 
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F i,20showsanexamp,eo,aci^^ 
dements C1 . C2. A signal defined to "XJ^^SZSm sfcna. passed through the inverter 161 
are respectively passed through inverters 161 and 1 16 ^ a ^^e e ,ement CI. resulting .n one 

is , urt he, passed through a delay circuit censed of a ^ «JMM «^ ^ . nverter 162 ^ , urthe , 

input signal of the Exclusive OR crcu* 165. In capacitance element C2. resulting in the other input 
passed through a delay circurt comprised of a resis to 164 an < a cap ^ (q ^ te(mlna| 

?gna. o. the Exclusive OR circuit 165. A logical ^^SSSSS,^ of providing sufficient drive ability 
T4 in this example, the inverters 161 . 1 62 ^ ™ rte^s £ve the same operating characteristic. 

wHhrespecttoadelayci rc uitdthe8Ucc^ng8ta^.^d^^« ^ ac signal ot a 

Let now consider what signal can be ob amed a an ortpri shQwn h Fjg . 21 , ^ . rectangular 
predetermined period is delrvered to me 
a.c.signa.fede.rvered.0^ 

circuit 165, is an inverted waveform having a ^7"^^ ermined de ,ay time d2. As a result, the output 
capacitance Wlue difference AC can be obta,ned as pulse wicfth d. 



20 <1.5> Modification 1 
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<1. 0> wioaiuuauv^i » 

^heabove^escdbedsensoraccordingtothe^ 
exerted to the oscillate oscillator 1 30. For example^ ,h ca e of^a M ng m ^ <o ^ ^ elec . 

His sufficient that the first state where charge ^^^'X^L sh0 wn m Fig. 9 and ihe second slate where 
trode layers E1 , F1 so that an —^X ^ 

charges having polarities opposrte to each otter an „ However , in order to still more stable 
force is exerted therebetween as shown .n Fig. ^JT^^^J^ ^ attracts force. When an approaches 
such an oscillatton. it is preferable " J 3 "*^ 

employed, as shown in Fig. 22, for example, to r ^P^Yfl drod e lavers to undergo an attractive force exerted 
S E1 and the tower electrode layer F1 to a owl E2 and the lower electrode layer F2 
therebetween, and to deliver negative to^^lectiide layers to undergo a repulsive force 

(or to deliver positive charges to both the electrodes) to^ ^ tor all0 wing the oscillator 130 

Therefore, the latter is more stable than the former . d , 0 undergo displacement by -AX 

Similarly, as shown in Fig. 10, also in the case ^ ere ^ e ^"^ &d 3 _ s s ^, wn h Fig . 23, to respectively deliver 
in the negaL direction of the X-axis, when an -W^f«jS ^tne^ electrode layer F2 to allow both 
Lmve barges and negative charges to the upper ^^^^ deltV er negative charges to both the 
^electrode layers to undergo an attractrve force ^ charg es to both me electrodes) to 

upper electrode layer E1 and the lower ^^efJcTe^ therXtween. the operation can be still more 
allow both the electrode layers to undergo a i '^^^^^ a ^^^^o t ^^- 
stabilized. Eventually, when an approach » ™*^ to ?n Fig. 22 and the second state shown in Fig. 23 

« trode layers at a predetermined Uming "J^^lwl ^ jn th 9 e M dir ection in a stable manner. Also „ 
are repeated reciprocally, it is possible to oscillate the osa ftaror as ^ abQVe 

me case of oscillating the *JL In the previously described 

Let consider the case where the oscillator respectively delivered to the upper elec- 

embcxJiment.thefirsts^ 
so trode layer E5 and the lower electrode layer F5 tof 0 ™™ is delivered to any electrode layer are repeated 
merebeleenasshowninFig. 11 c^TrSSJ use of a repulsive force between bah 

reciprocally so that oscillation Uz h , P^f^" „ abroach is employed as shown in Fig. 24 

electrode layers, the operation can be more ^f.^^ JTelectrode layer F5 (or to deliver negative 
todeliver positive charges to both the 
55 chargestoboththeeledrode te yers)toa.to^ 

tween, me oscillator 130 produ^ 
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possible to oscillate the oscillator 1 30 in a stabilized manner in the 2-axis direction. 

While it is possible to easily deliver charges of polarities opposite to each other to a pair of opposite electrode 
layers, it is necessary to make a particular device in order to deliver charges of the same polarity. Namely, it is sufficient 
to apply a predetermined voltage across both electrode layers in order to deliver charges of polarities opposite to each 
other, but such a method cannot be applied in order to deliver charges of the same polarity. To solve this problem, 
there may be employed a method in which respective electrode layers are caused to be of a double layer structure 
through dielectric substance. Fig. 25 is a side cross sectional view of a sensor employing such a structure. Lower 
electrode layers F1 to F5 are formed on the upper surface of a dielectric substrate 171, and auxiliary electrode layers 
Fla to F5a are formed between the dielectric substrate 171 and the flexible substrate 110. The auxiliary electrode 
layers F1a to F5a have the same shape as that of the lower electrode layers F1 to F5, and are arranged at the same 
positions, respectively. Similarly, upper electrode layers E1 to E5 are formed on the lower surface of a dielectric sub- 
strate 172, and auxiliary electrode layers Ela to E5a are formed between the dielectric substrate 172 and the fixed 
substrate 120. The auxiliary electrode layers E1a to E5a have the same shape as that of the upper electrode layers 
E1 to E5 and are arranged at the same positions, respectively. 

If such a double layer structure is employed, it is possible to allow specific electrode layers to undergo an attractive 
force exerted therebetween, or to allow them to undergo a repulsive force exerted therebetween without constraint. 
This is indicated by using an actual example. Fig. 26 is a view showing only extracted portions of respective electrode 
layers and respective dielectric substrates in the sensor shown in Fig. 25. For example, in the case where there is a 
desire to allow the electrode layers E1 , F1 to undergo an attractive force exerted therebetween, it is sufficient to apply 
a voltage V across both the electrode layers so that charges of polarities opposite to each other are delivered thereto. 
On the contrary, in the case where there is a desire to allow the electrode layers E2, F2 to undergo a repulsive force 
exerted therebetween, it is sufficient to apply a voltage across the auxiliary substrates E2a, F2a and across the electrode 
layers E2, F2 as shown. Since voltage V is applied with the dielectric substrate 171 being put between the auxiliary 
electrode layer and the electrode layer, negative charges are produced in the electrode layer F2 and positive charges 
are produced in the auxiliary electrode layer F2a. Similarly, since voltage V is applied with the dielectric substrate 172 
being put between the auxiliary electrode layer and the electrode layer, negative charges are produced in the electrode 
layer E2 and positive charges are produced in the auxiliary electrode layer E2a. In this way, charges of the same 
polarity are delivered as a result to both the electrode layers E2, F2. Thus, both the electrode layers are permitted to 
undergo a repulsive force exerted therebetween. 

<1.6> Modification 2 

The aboye-described modification 1 somewhat becomes complex in structure than the sensor shown in Fig. 6. On 
the contrary, modification 2 described below is directed to a sensor in which the structure of the sensor shown in Fig. 
6 is more simplified. Namely, in the sensor of the modification 2, as shown in Fig. 27, a single common electrode layer 
EO is formed in place of the upper electrode layers E1 to E5. This common electrode layer EO is a disk-shaped 
electrode layer having such dimensions to face all of the lower electrode layers F1 to F5. Even if electrode layers on 
one side are formed as a single common electrode layer as stated above, when a potential on this common electrode 
layer side is always taken as a reference potential, no obstruction takes place in the operation of this sensor. For 
example, in the case of applying a voltage across a specific pair of electrode layers in order to allow the oscillator 1 30 
to produce oscillation, it is sufficient that the common electrode layer EO side is grounded to deliver a voltage to a 
predetermined electrode layer of the lower electrode layers F1 to F5. Further, also in the case of detecting Coriolis 
force on the basis of change of capacitance value, it is sufficient that the common electrode layer EO side is similarly 
grounded to handle respective capacitance elements C1 to C5. 

As stated above, the five upper electrode layers E1 to E5 are replaced by the single common electrode layer EO, 
thereby permitting mechanical structure of the sensor and/or necessary wiring thereof to be more simple. Further, if 
fixed substrate 1 20 is constituted with a conductive material such as metal, etc. , the tower surface of the fixed substrate 
120 can be used as the common electrode layer EO. For this reason, the necessity of purposely forming the common 
electrode layer EO as a separate body on the lower surface of the fixed substrate 120 is eliminated. Thus, the structure 
becomes simpler. 

While the example where the upper electrode layers El to E5 sides are replaced by the common electrode layer 
EOhas been described, the tower electrode layers F1 to F5 sides may be replaced by a common electrode layer FO 
in a manner opposite to the above. 
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§2 SECOND EMBODIMENT 

<2 1> Structure Of Sensor According To Second Embodiment 

described. This second embod.ment « also the samej* the ^JSw, and a mechanism utilizing change of elec- 

oTlS^ 

Fig.28isastoecrosssect,onalv.ewofM 

This sensor includes, as its main components, a first substrate 2W. aseoon 22Q 

lnmfeembodirnent.lhef.rst substrate 210|sc^p^^ 

and 230 are comprised of a glass substrate. ^^^^^ Fig . 29 is a top view of the first substrate 
Thef,rstsubst ra te210isasubstr^ 

210. As clearly shown in Fig. 29, ^ ^ e ^°^" "^^g^g^j^s^^ome broader according as the positions thereof 
opening portions HI to H4 have a taper shape such that the w*nn oe ^ ^ m ^ 

s^abwerdirect^ 

cross sectional viewcut along the cutt.ngl.nes 30 30 » ^ b me {our L ^ a p e d opening port.ons 
H3, H4 are shown in Fig. 30. In Fig. 29. the .ns.de squar ^^e^naped opening portions H1 to H4 constitute a 
HI* H4 constitute an «^»i"^Sf KSJ2?21 ITS!**** portions with respect to 
support frame 213 with respect to the osc. ^^^J^J,^ 2 12. In other words, the square 

the support frame 213. These four connectrng^ ^^/^ aUou/portbns Jn addition, as shown in Fig. 28 or 30. 
oscillator 211 is in hanging state by the bndg« portions 2« a tour p ^ ^ ^ o) 
the bridging portion 212 is a memba ^ t^^^M* 211 car. move with a certain degree of Ireedom 
substrate 210, thus prov.d.ng flex.btf.ty For this ; eason, the osc m as shQwn , n Flg 

in the state where it is hung by the br.dg.ng portions 2 ^££*£ mlB layers G1 to G5 perform, similariy to the 
29. five lower electrode layers G1 to G5 are ^^?Lt embodiment, the function for allowing 

tower electrode layers F1 to F5 in ^ P^^^SSSSS^ «orce exerted on the oscillator 211 . 

with the second substrate 220. ot me f|rs , substra , e 210. The bottom 

A third substrate 230 funcfions as a cover lot ^coyenng I * e 230 is dug except tor a 

, view of the third substrate 230 is shown n F,g .31. The tower uriace of th ^ ^ ypper 

small portton therearound, and an ^f^^^Cr e.etfrode layers G1 to G5 as indicated 
,ayer GO is square, and is placed ,n ^f^^S lee trode layer GO corresponds tothe common electrode 
. bythesidecrosssecttonalviewofF.g.28orFig^ 
. ,ayer E0 of the sensor of Fig: 27 shown as modtf.cat.on 2 ^^^ MSan Name |y, machining (or chemtoal 

w V such sensors comprised of ^"'h-^ 

processingsuch as etching. etc.)may be .nd.vriuany^^^ 

fayersorwiringlayeretoc^necta^comb.neth^ f a ^ s ^^ fode b G0 be formed with a vacuum 

Ky^ 
45 ductor planar process. 

<2 2> Mechanism For Oscillating Oscillator 

Tneeensor.thise^^ 

approach is employed to apply a predet ^^^t^^t^o to ,hereby a ' toW b0th *" 
G1 to G5 formed on the oscillator 211 and the uppe electrode flayer* pp oscillator 211 in a 

electrode layers to undergo Coutomb's force 

predetermineddirection. It istobe ™* m "™^^T™^* different. In the sensor of the first 
and that of the previously descnbed ^'^^^^Zri on the X*xis and the electrode layers F3, 
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method of applying a voltage required for oscillating the oscillator 211 in a specific direction is somewhat different from 
that of the previously described example. This voltage application method will now be described in a more practical 
manner. 

In order to oscillate the oscillator 211 in the X-axis direction, the following method is adopted. It is now assumed 
5 that a potential on the upper electrode layer GO is caused to be earth potential as a reference potential, and a prede- 
termined voltage (e.g., +5V) is applied to the lower electrode layers G1 to G5. First, when voltages of +5 volts are 
respectively applied to both the lower electrode layers G1 and G4, it is easily understood that the electrode layers G1 , 
GO and the electrode layers G4, GO are caused to respectively undergo attractive force exerted therebetween. Thus, 
the oscillator 211 is brought into the state where a displacement AX takes place in a positive direction of the X-axis. 
10 Then, potentials on the lower electrode layers G1 , G4 are caused to be a reference potential for a second time and 
voltages of +5 volts are respectively applied to both the lower electrode layers G2 and G3. As a result, the electrode 
layers G2, GO and the electrode layers G3 and GO are caused to respectively undergo attractive force exerted there- 
between. Thus, the oscillator 21 1 is brought into the state where a displacement -AX takes place in a negative direction 
of the X-axis. When a predetermined voltage is applied to respective electrode layers at a predetermined timing so 
is that these two states are repeated one after another, it becomes possible to oscillate the oscillator 211 in the X-axis 
direction. 

In the case of oscillating the oscillator 211 in the Y-axis direction, an operation similar to the above is conducted. 
First, when voltages of +5 volts are respectively applied to both the lower electrode layers G1 and G2, it is easily 
understood that the electrode layers G1 , GO and the electrode layers G2, GO are caused to undergo attractive force 

20 exerted therebetween, respectively. Thus, the oscillator 211 is brought into the state where displacement AY takes 
piace in a positive direction of the Y-axis. Then, potentials on the lower electrode layers G1 , G2 are caused to be a 
reference potential for a second time and voltages of +5 volts are respectively applied to both the lower electrode layers 
G3 and G4. As a result , the electrode layers G3, GO and the electrode layers G4, GO are caused to respectively undergo 
attractive force exerted therebetween. Thus, the oscillator 211 is brought into the state where displacement -AY takes 

25 place in a negative direction of the Y-axis. When a predetermined voltage is applied to respective electrode layers at 
a predetermined timing so that the above-mentioned two states are repeated one after another, it becomes possible 
to oscillate the oscillator 211 in the Y-axis direction. 

In addition, in order to oscillate the oscillator 211 in the Z-axis, it is sufficient to employ the same method as that 
of the above-described sensor of the first embodiment. Namely, it is enough to repeatedly carry out an operation to 

30 apply +5 volts to the lower electrode layer G5, or to allow an applied voltage to be 0 volts for a second time. 

<2. 3> Mechanism For Detecting Coriolis Force 

In the sensor according to the second embodiment, the principle for detecting Coriolis force exerted on the oscillator 

3S 21 1 resides in utilization of change of electrostatic capacitance similarly to the previously described sensor according 
to the first embodiment. However, since there- is a slight difference in the arrangement of electrode layers, there is a 
slight difference in combination of capacitance elements used as a detecting element. The combination of capacitance 
elements will now be described in a more practical sense. It is here assumed that five sets of capacitance elements 
constituted by combination of the lower electrode layers G1 to G5 and the upper electrode layer GO are respectively 

<o called capacitance elements C1 to C5 for convenience of explanatbn, and capacitance values of these capacitance 
elements are similarly called C1 to C5. 

A method of detecting Coriolis force Fx exerted in the X-axis will be first studied. In accordance with the electrode 
layer arrangement shown in Fig. 29, it can be easily imagined that when Coriolis force Fx in the positive direction of 
the X-axis is applied to the oscillator 211, the electrode layer spacing between the capacitance elements C1, C4 is 

45 contracted and the electrode layer spacing between the capacitance elements C2, C3 is broadened. Accordingly, 
capacitance values C1 , C4 increase, whereas capacitance values C2, C3 decrease. Then, if a difference of (C1 +C4)- 
(C2+C3)is obtained, this difference takes a value corresponding to the Coriolis force Fx. 

A method of detecting a Coriolis force Fy exerted in the Y-axis direction will now be studied. In accordance with 
the electrode layer arrangement shown in Fig, 29, it can be easily imagined that when Coriolis force Fy in the positive 

so direction of the Y-axis is applied to the oscillator 211 , the electrode layer spacing between the capacitance elements 
C1, C2 is contracted, whereas the electrode layer spacing between the capacitance elements C3, C4 is broadened. 
Accordingly, capacitance values C1 , C2 increase, whereas capacitance values C3, C4 decrease. Then, if a difference 
of (C1 +C2)-(C3+C4) is obtained, this difference takes a value corresponding to Coriolis force Fy. 

A method of detecting a Coriolis force Fz exerted in the Z-axis direction is the same as the detecting method in 

ss the previously described sensor of the first embodiment. Namely, a capacitance value C5 of the capacitance element 
C5 takes a value indicating Coriolis force Fz. 

It is to be noted that, in the sensor of this embodiment, since the same electrode layers are used at the same time 
for both the oscillating mechanism and the detecting mechanism, it is required that a voltage supply circuit for producing 
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oscillation and a circuit tor detecting a capacitance value varying on 
each other. 

<2.4> Modification 1 
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ln this modification, a fourth substrate 240 .s '"""er used « by an oscillator 241 and a pedestal 242. The 

220 and the third substrate 230. The fourth substrate ^ pedestal 2 42 is a frame in such a form to 
oscillator 241 is a block in a square form when* ««»dtaom he top, and j ^ ^ QScmof 211 of ^ first 

^lid the periphery ^™^™ZZ£Z^J?MB,^™^™ 
substrate, and these oscillators 211 and 241 function , as aW n ^ be ^ „ is lo be note d 

in this way. mass of oscillator can ^re provkfed in pfcce o, proving the common upper 

r^ay^ tOG5 ' 
<2 5> Modification 2 

Asensorsho^nHg^isan^ermc^ 
Fig. 28. The substrate functioning as the center of th« sen^s a flex^ ^ ^ ^ ^ , 

flexible substrate 250. As Indicated by f^^^^ has a thin thickness, it has flexibility (which 
toe flexible sut*lrate 250.8^ 

is indicated as a flexible portron 252 m Rg. 33). I I ■ ™£25. ion of me flexiblB portion 252 is called a fixed 
flexible portion 252 is called a workmg portion 251 and «he out si f» form js M Fu(t|w tne 

portion 253 On the lower surface of the working port on 25V » - JJJ . base substrale 2 80. Eventually. 

* Kortion 253 b supported by a pedestal 270 ^^^^fp^esta.270. Since the flexible portion 
Lo^llato^isplacedinhang^ 

^ofVI^ 

a manner to cover it while keeping a predeterm.ned _space_ surface Qf flexjb|e substrale 250: 

AsshowninF,g.34,fivelowerelectr^^^ 

These electrode layers have the same shape and the same a ™™ upper electrode layer E0 opposrte 

35 nation is omitted here, 
i ^-minn EMBODIMENT 

<3 1> Structure Of Sensor According To Third Embodiment 

„ trt thp thir d embodiment of this invention will be 

Subsequently, a multi-ax*, angufcr velocity sens* ^*gto d ^ flr8t ^ second em- 

described 'whJthe third embc^imenU^^ 

bodiments in that mechanism utilizing C^^^^Tecting mechanism, 
mechanism utilizing a piezores^ 

Fig. 35 is a side cross sectional v.ew of *e multi-axial^ angular g ^ 330 ^ 

Thrs sensor includes, as major components a ifirs t « 310 and 330 are constated wHh silteon 
a fourth substrate 340. In this «<M«»rt , «» JJ ^.^^ted with a glass substrate. Such structure 
substrate, and the second and fourth sub^a es320 and M0 are shown in Fig. 32 in the previously 

comprised of four layers of substrates is g^ubstoite which performs the role serving as the center of 

described second embodiment. The first £E£I^^M**W *«*™ lines in the figure, angular 
this sensor, and Fig. 36 is a top view of the first ^ ^ ^ ^ere this groove is formed has a 
oroove is formed at the lower surface of the first substrate 3 lO-***™ J~ . assumed that the inside 

K^HhasflexibHity^ 
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A third substrate 330 performs the role as a base substrate for supporting the pedestal 322. To realize this, at the 
portion except Jor the periphery on the upper surface side of the third substrate 330, a recess 331 is formed. By formation 
of this recess 331 , the oscillator 321 is supported without being in contact with the third substrate 330. Eventually, the 
oscillator 321 is in hanging state within a space encompassed by the pedestal 322. Since the flexible portion 312 with 

5 a thin thickness has flexibility in the first substrate 310, the oscillator 321 can undergo displacement within this space 
with a certain degree of freedom. Further, a fourth substrate 340 is attached at the upper part of the first substrate 310 
in a manner to cover ft while keeping a predetermined space. 

As shown in fig. 36, five tower electrode layers F1 to F5 are formed on the upper surface of the first substrate 31 0. 
These electrode layers are equivalent to the lower electrode layers F1 to F5 in the sensor according to the first ern- 

10 bodiment shown in Fig. 6. It is to be noted that, as described later, a plurality of piezo resistance elements R are formed 
on the upper surface of the first substrate 310, and the shape of lower electrode layers F1 to F4 is somewhat different 
from the shape of the lower electrode layers F1 to F4 in the sensor shovm In Fig. 6 so as to avoid the region where 
these piezo resistance elements R are formed. Further, a common upper electrode layer E0 face to all the five tower 
electrode layers F1 to F5 is formed on the tower surface of the fourth substrate 340. 

is Piezo resistance elements R are an element formed by injecting impurity at predetermined positions on the upper 
surface side of the first substrate 310 comprised of silicon, and have the property that electric resistance varies by 
action of mechanical stress. As shown in Fig. 36, twelve piezo resistance elements R in total, that is, four elements 
along the X-axis, four elements along the Y-axis, and four elements along an oblique axis inclined at 45 degrees relative 
to the Y-axis are arranged. All elements are arranged on the flexible portion 312 having thin thickness. When bending 

20 takes place in the flexible portion 312 by displacement of the oscillator 321 , resistance values of the piezc-resistance 
elements vary in correspondence with this bending. It is to be noted that, in the side cross sectional view of Fig. 35, 
indication of these piezo resistance elements R is omitted for avoidance of complexity of ihe figure. It is now assumed 
that, as shown in Fig. 37, with respect to these twelve resistance elements, four resistance elements arranged along 
the X-axis are called Rx1, Rx2, Rx3, Rx4, four resistance elements arranged along the Y-axis are called Ry1, Ry2, 

25 Ry3, Ry4, and four resistance elements arranged along the oblique axis are called Rz1 , Rz2, Rz3, Rz4. 

<3. 2> Mechanism For Oscillating Oscillator 

In this sensor, the mechanism for oscillating the oscillator 321 in a predetermined axis direction is exactly the same 
30 as that of the sensor according to the first embodiment shown in Fig. 6. The five lower electrode layers F1 to F5 shown 
in Fig. 36 is completely equivalent to the five tower electrode layers F1 to F5 shown in Fig. 7 in point of the essential 
function although the shape is somewhat different Accordingly, by applying a predetermined voltage to the five lower 
electrode layers F1 to F5 and the common upper electrode layer E0 opposite thereto at a predetermined timing, Cou- 
lomb's force is applied across both the electrode layers, thus making it possible to oscillate the oscillator 321 in any 
35 direction of the X-axis, the Y-axis and the Z-axis in the XYZ three-dimensional coordinate system. 

<3. 3> Mechanism For Detecting Coriolis Force 

The feature of the sensor according to this third embodiment resides in that detection of Coriolis force is carried 
40 out by using piezo resistance elements. This detecting method will now be described. Let now consider the case where 
a Coriolis force Fx in the positive direction of the X-axis is applied to the oscillator 321 as shown in Fig. 38 (indication 
of respective electrode layers is omitted in this figure for the purpose of avoiding complexity of the figure). When Coriolis 
force Fx is applied, bending as shown in the figure takes place in the flexible portion 312 of the first substrate 310. 
Such a bending varies resistance values of the four piezo-resistance elements Rx1 to Rx4 arranged along the X-axis. 
45 in actual terms, resistance values of the piezo resistance elements Rx1, Rx3 increase (indicated by V sign in the 
figure), whereas resistance values of the piezo resistance elements Rx2, Rx4 decrease (indicated by sign in the 
figure). In addition, the degree of increase/decrease is proportional to the magnitude of Coriolis force Fx applied. On 
the other hand, in the case where Coriolis force -Fx in the negative direction of the X-axis is applied, the relationship 
of increase/decrease is inverted. Accordingly, if changes of resistance values of respective piezo resistance elements 
so are detected, it is possible to determine the applied Coriolis force Fx. 

In more practical sense, a bridge circuit as shown in Fig. 39 is formed by the four piezo resistance elements Rx1 
to Rx4 to apply a predetermined voltage by using a power supply 350. Then, a bridge voltage Vx is measured by a 
voltage meter 361. Here, in the reference state where no Coriolis force is applied (the state shown in Fig. 35), when 
setting is made such that the bridge circuit is equilibrated (bridge voltage Vx becomes equal to zero), bridge voltage 
&s Vx measured by the voltage meter 361 indicates Coriolis force Fx. 

On the other hand, when Coriolis force Fy in the Y-axis direction is applied, similar resistance value changes take 
place with respect to the four piezo resistance elements Ry1 to Ry4 arranged along the Y-axis. Accordingly, when a 
bridge circuit as shown in Fig. 40 is formed by these four piezo resistance elements to deliver a predetermined voltage 
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Further, when Cork* force Fz n the Jj££*^ ^ oblique For example, when Coriote force 
to the four piezo resistance elements ^™ "^J^cl the piezo resistance eiements Rz1 , Rz4 decrease, 
in the positive direction of the M 'J^^^Sa Rz3 increase. Accordingly, when a bridge arc* as 
whereas resistance values of toe ^'^^^^^^^o^^^m^^^^^ 
shown in Fig. 41 is formed by these four piezo res^ance elemems £ ^ 

supply 350, a bridge voltage Vz measured by^ jn , hjs way> me mechanisrn for 

When detection clCorioUs^ 



interfere with each other. 
<3. 4> Modification 



25 



30 



35 



40 



45 



SO 



55 



' Respecter e^roc*.^^ 

axis similarly to the prevtously descnbed ^^^^^own in Fig. 29, they may be arranged in the first 
layersGI to G4 Ut the sensor accord^ 

S A FOURTH EMBODIMENT 

<4 1> Structure Of Sensor According To The Fourth Embodiment 

Amul^angufcrvek*^ 
The fourth embodiment is directed to a sensor usmg p.ezoelectnc element 

the detecling mechanism. , , ho mu iti- a xial anqular velocity sensor according to the fourth embodiment. 

Fig. 42 is a side cross sectional v.ewot the "ult.-ax.al anguw * J ^own in Fig. 6, and compr.ses 

This sensor hasastmctureve^ similar to thesen^ra^ 

respective components as described below. " a ™^^*Zle 420, a piezoelectric e.ement 430 similarly disk- 
disk-shaped flexible substrate 410 and la 

shaped is inserted. On the lower surface of the fle x.ble s^iraie . njon o1 me fixe d substrate 

outer circumferential portion of the flextole substrate 410 ^^Z^zoe^o e.ement 430, five upper 
420 are both supported by a sensor « 450 On Mheuppe ^su ^ ^ ^ ^ g 

electrode layers E1 to E5 (only a porflon thereof ,s ^^ e '" is similarly indicated) are formed. The upper surfaces- 
thereoUivetowereiectr^^ 

of the upper electrode layers E1 to E5 are fixed on me tow *'^^SmU» substrate 410. In this example, the 
of me lower electrode layers F1 to 
fixed subs»ate420hasasufficfc^^ 
substrate 410 has flexibflity and func^^ 

dinate system usinggravity postttonOof theosc dbtor 440 as* » on^_ M y. a direction perpendicular to the 
in me figure, as a Z-axis is defined « an "P^^^gTe xZ ptene of this sensor. It is to be noted that 
plane surface of paper. Fig. 42 is a cross secfional view cut aiong in * P fc R me 

Lp*andarrangement of the upper el^ 

circuited with each other. re ^ ^jed thereto from the external, 

Generally, a piezoelectric element ^ 'he first property mat wn ^ p ^ ^ 

a voltage is produced in a predetermined dtrecten wrthin ^P™™^ direction wfthin the piezoelectric 
voflageisailiedmeretofromtheext^ 

element in a manner oppose to *°^ a ™^™*% auecitons m which voltage/pressure is produced 
between directions in whKh pressure/voltage .s W^and « -polarization character^', 

herent in individual piezoelectric elements. ^^^^ZL^^ characteristic as shown in 
The piezoelectric element 430 used .n the ^.f^"^^ ot ^ previously described first property, the 

P^t^ 
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.rectionfcapp.iedas^ 

thickness direction is applied as shown in Fig. 43(b). "«9P"™» » side when considered from a view-point ol the 
on the upper electrode layer E side and on the lower a pofcrization characteristic such 

second property in a manner opposte to the up^er electrode feyer E side and 

that when posifive charges and negative charges are ^se djfectjon is produced , while 
,he tower electrode .ayer F side as shown ,n F^ 43(a) a Joree to e^and „ g ^ ^ ^ 



<4. 2> Mechanism For Oscillating Oscillator 
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Le t now study w*at phenomena ^ ^ 
delivered to a predetermined e.ectrode .aye, ol ^ 

lively derrveredtothe electrode layer E1 and F1 a force ^ snown h Fig . 4 3(b) ; On the other 

the piezoelectric element 430 put between both the e ^^'f b ^J lo Z e etectrode layers E2. F2. a force 
hand, when positive charges and negative ^ «Jf3ff£S S c element 430 put between both me 
,o expand in a thickness direction * P ^ port™ of the ^ 430 is deformed as shown 

electrode layers by the property shown <n F,g. ^ a ^^5w!S the positive direction of the X*xis. Now, when 
in Fig. 44 and the oscillator 440 is caused Ito undergo ££^E«£ S F1> E2 , F2 is inverted, the expanding/ 
the polarity o. charges which have bewared o«he ^^^^ 440 fe oaused to undergo dis- 
contracting state of the piezoelectnc element 430 is a.so ' • interchangeably invert the polarity 

placement inthenegativedire^ 

of charges detivered so mat these two permitted to undergo osciltetion Ux with 

the oscillator 440 in the X-axis direction. In other words, tne oscillator <™ 

respect to the X-axis direction. ^ electrode layers. Namely, a first a. 

Such charge supply can be realized by applying a n ax s '9™ ^ ™ ^ electrode )ayers 

c. signal is applied across the electrode layers El • ( ^«^ a e ^X Resedas the first and second ac. 
E2 F2 If signals having the same frequency and phases opposite to eacn om 

signals, the oscillator 440 can be oscillated in the X-axts Y-axis direction is also exactly 

-•sr^^Ta^^ 

rectton. Assuming now that negative charges . and [^^^^^o^^^Ato^tot^ 
E6. F5, a force to contract in a thickness direction is produced at a ^?!^^Jv^l ^ shown h Fig . 4S an d the oscillator 

both the electrode layers. As a result, the ^j 8206 e ^ ^'^f^^j^g ^^^g^^gn ttie polarity of charges which have 
440,scausedtoundergodisplacement,nthepos^^^ 

been delivered to the electrode layers E5. F5 ,s inverted, ^^^^^ n ^ e ^ fe( ^^Z^s. 
430 also inverted. Thus, the oscillator 440 is ^-edtoundergo d^placemej take place one after 
„ the polarityolcMrgesde^ ^ ^ ^ oscillator is permitted to 

^^^^^ 

6 KlZ^nt;!^^ 5 ^ * del-red to a specific set o, electrode layers, tt * possfcle to 
oscillate the oscillator 430 along the X-axis, the Y-axis and the Z- axis. 
<4 3> Mechanism For Detecting Coriolis Force 

inFig.44(lnaccoi d ancewiththepr.nc,p.esh^ 

in the state caused to undergo osc.ltet.on Uy ^J^'^^^g phenomenon in the Y-axis direction 
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thickness direction as a whole as shown in Fig. 45. otezoeteC ttie element 430, charges of a predetermined 

When a pressure as described ^>jW to me pezoe. ^ ^ ^ ^ A^gM 

potarity are produced at respective ele* *JJ£ ^ deteclea . ln more practical sense winngs as 
barges thus produced are detected, a Conolis force JW™ b makjng it p^ie to detect applied 

shown in Figs 46 to 48 are implemented to respects electrode » djrection be detected 

The reaL when consideration is made in connec ion wrth JJP*J^ 0{ lh 9 e piezoelectric element 430 putther- 
avers Namely, with respect to the electrode layers E2 ^«nceap«w ^ charges are respecfvely 

EeLsuV^^^^ J ig . 43(a) . On me other hand 

produced at the upper electrode layer E2 and the ^ e ^'^ / ^ element 430 put therebetween is sub|ect 
Srespectto the electrode layers E1. F1, ^^^^L charges are respectively produced at the 
To a force to contract in thickness direct™, negative «*W^andpo« * when a wiring as shown 

uppere"^ 

in Fio 46 is implemented, positive charges are all ^^J^T^ee coriolis lorce Fx. Entirely in the same 
erlaftU. Ls. a potent* 

manner, when a wiring as shown in Fig. 4 ^,^ ^tne C^irection as a potential diflerence Vy across temtinals 
iayers F3, F4. it is possible to detect Conolis orce in tne z ^ is direction as a potentia. difference Vz 
Ty1 and Ty2. In addition, it is possible to detect a ^J^T^ ^ be easily understood when considerate 
Induced across terminals Tzl and Tz2 as shown «fMg. ^The teyers by bend ing as shown in Fig. 
fs made in connection with polarity ot charges p£uced piezoelectric element 430 put therebe- 
45 Namery, with respect to the electrode feyers ^^^^charges and positive charges are respectively 

<4 4> Detection Of Angular Velocity 

^ectofthemuKi-ax.^ 
in order to detect an angular velocity <e *outa W^. ^^ection at that time. As described above ,n the 
axis direction to detect a Cor*^ce F ^ . prede t er mined pai, <* J* 

sensor according to the fourth e ^7^ n ^ tor X alon g P ^ y axial direction of the X-axis, the Y-axis and me Z 
thereby making tt possible to oscillate Fy, Fz in respective axes directions P^^aUhat 

9 it should be noted that, in me sensor according o '^b^em. ap^ ^ ^ ^ 

oscillating mechanism and me dating mechanism^ In oth *<^£ mechanism* or may perform me role tor 

be oiven to me same electrode layer at me same « me - x ^ ^ , he basis ot the principle shown 

TeTfirstconsUde, ^<V^^f^^SXhtS^ * lhe *■* **»* **" T "tS 
in Fig. 3. in mis case, it is necessary to detect a C^ohs ores , t-y p ^ o(def toaltowtne osciia^or 

" caused to undergo oscillation Uz in the Z-axrs ^^ '"^^3, me etec ,,ode layers E5. F5. Further, .n order 
4^tounde.gooscillati^ ^eot charges produced at me eiectrode 

,0 detect Coriolis force Fy exerted on me o^430, « s suflte eleclrode ^rs E1, F1, E2, F2 are 

layers E3 F3, E4, F4 as shown in me circuit diagram of Fig. a,. 

not used in mis detecting operation. „ 0 ,„, ina ovular velocity <»y about the Y-axis on me basis of the 
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anosci,,atoriscaused«^^^ 

,he oscillator 430 to undergo osc.Hat.ftn Ux, it J K F | Further , in 0( der to detect Coriolis force Fz 

across the electrode layers E1 . Ft and across _.he e gl fte e(ectrode layers E5 . F5 as shown in the 
exerted on the oscillator 430. « .s suffice* to d elec charge^ pmo ^ ^ ^ ^ opafat|0n 

dm* diagram of Fig. 48. The '^a.n.ng elecuode layers E3 F — the basis of the pr.nc.ple 

Finally, let cc^sidertheopemt^ 

shown in Fig. 5. In this case -t .3 b ~^SS^^^^' h ^^ h ^ W ^^'^ 
is caused to undergo oscillation Uy .n the Y-ax s d.recuon . « fe each othef ac(0SS me 

430 to undergo oscillation Uy.it is «^ 

electrode layers E3, F3 and across the at tne electro de layers E1 , F1 . E2. F2 as shown .n the 

,ne oscillator 430. it is sufficient to detect charges produced at th > ^ 

circuit diagram of Fig. 46. The rema^.ng ^ ^ « by using this sensor as stated abov* 

,, te8 eenth*,int*,caseo«det^ 
. sharing of roles vviu, respec, ,o respecnve elec^ 

ou, without hindrance. It should be ^^S^SZ SU exponents, it is required to carry out time- 
<4. 5> Modification 1 

meSounhembod^enthadapo^ 

possible to manufacture a piezoelectnc f^ e " t a ^ t ^S<Saractenstic such that in the case where a force to 
«m- Namely, this piezoelectric element ^.^^^^^^^^^e^^steres^^ 
expand in thickness direction is appl.ed as show™ Fi* ^Xtrode layer F side, while when a force to contrad 
produced on the upper electrode layer ^^^^^^^^em^^P^ 
^t*^^^^^^f^^^SSS^ F side. It is now assumed that, for convemence, 
on the upper electrode layer E s.de and on the ^lect^de^y polarization characteristic as shown 

polarization characteristic as shown « F.gs. 43(a) ^^ ^ 7 ^ polarizat ton characteristic of the type I 
£W 49(a) and 49<b)is called typ.ll. The P'^^^^^^^e ty^,, such that sigas of charges pro- 
andL piezoelectric elemen^^ 
duced on*e upper surface s-de^d c^ 
thepiezoeleotrice!ement430fesu^^^^ 

are exactly the same piezoelectnc element ^^^rmay^mptoyed a configuration such that a portion 

structure of a multi-axial angular velocity sensor piezoelectric element 470 is a dtek-shaped 

Let nowcons-der a piezoelectnc element ^Oas^^^. P jn me aboV e<fescribed sensor of 
element wh.ch is exactly the same .n ^^.^^^Llectric etement 430. The piezoelectric de- 
Fig. 42. but its polarization character.^ K d^erent from thal^tne p , as previously desenbed. 

„ent 430 was an element in which all portions have potenza^n of eHheT the type I or the type If in five 

On the contrary ,he piezoelectric ele^t^hasa gj^c'^nent indicates polarization charaderistic of the 
regions A1 to A5 as shown .n F.g. 50. N f m ^ ,S . P ' e ^^ „, me type „ m regions A1. A3. A5. In ,h.s example. 

F5a L :3rs^po.arKieso, charges ^a**^^*"***"**"***" 
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SSJSS. It is thus understood I tha, ^^Z^^^^^ * th ° ^ " ? Sluo 
,he lower electrode layers F1. F3. F5 provided .n the regran na g pc, ag ghown ,„ F 51 , 0 

^ respect to the sensor using me P"™^***™* ^oSleTo determine Coriolis force components Fx Fy, 
53 are implemented to the respective electrod e ^J^^ t ^roCc^^x^X^^^ 
FzaspZtialdiflerer^^ 

Grilles of charoes produced at the electrode layers E1.F1 m nm , orce 

F Se Y-axis direction, since polarities of ch arges produced I at the ^ ^ ^ force ^ jn z 

Namely, it is understood Ihat in the ■»«*■»•" acme. ft. tM 1^ E I . F1 fc™> « "» 

1 p w wiring Qt the w , nngs s ho«„ .n . i«s. o |n 

?««, dWoWt .1 ~» «*• P-"" 1 "2 'SJSi ni .1 this ««... » »*» d n. «»« »> 

to«er electrode layers F1 to F5 arebrought ^,^; Fxln the X^xis direction is obtained as a voltage 

appr^is employed, potential *« V< t2^Sc^toF V W 8 V^*- B 

W 1 JL'-rh nther. wiring can become very simple. 
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without any hindrance, in bouiuu... ^ ■ 

induct with each other, wiring can become very simple. 

<4. 6> Modification 2 



40 



45 



so 



<4. 6> Modification 2 . . . . the 

ol five upper electrode layers E1 to E5. 

<4 7> Modification 3 _ ... 

, ^ cfimvi embodiment, it is sufficient to use a flexible 
ln order tofurther simplify the structure of the <f^^ 
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<4. 8> Other modifications 
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„ « nh US <ca«v sinqle piezoelectric element 430 or 470. they may be corn- 
White the above-described sensors all us N« te be employeo a configurate ,n 
prised o. physically plural piezoelectnc element^ elements, and five piezoelectric elements ,a 

the above^escribed sensor, it is not ^^J^S^^^^^^^^^^T^^ 
ol freedom. 

§5 ciPTM EMBODIMENT 

<5 1> Structure Of Sensor According To Fifth Embodiment 

so called a doughnut disk-shaped piezoelec nc e Ww^JSM .s d.spose w ^ ^ sh<jwn 

element 520. srxteen upper ^rode Jayers 

respectively. Further, on the lower surface o f the ^JJJSS those o. me upper electrode layers L1 to L16 are 
(although not shown in Fig. 57) having exactly the same shape ^ as tno w ^ v|ew 

o med at P-Uions respectively opposite to ^S^M^ol cross seLnal portions are illustrated with 
of this sensor (For me purple ofavo^^ 

respect to respective electrode layers. J^^^TeUent 520 is in so called a sandwich state where « is 
shown in this figure, the doughnut d.sk shaped ~ m afe shown in Fig . 58) and sixteen lower electrode 
put between sixteen upper electrode layers L to 116 ^ X1 toU electrode , ayers M1 to Mn6 

layers Ml to M16 (only Ml to M4 are shown m F. ^ ^ er hand> m oscillator 550 is fixed on me lower 

are fixed on the upper surface of me ^ , „, the flexible substrate 510 is fixedly supported by 
surface of the flexible substrate 510, and the ^^^^ consmaa by an insulating material. In the case 
sensor casfcg 560. In this embodiment, the Jj^SJ nSe^Sch as metal, an insulating film is formed on 
where flexible substrate 510 is constrtutedj^ a^twe^mat ^ ^ ^ short<ifCUlted 

the upper surface thereof, thereby prevenfing stxteen tower ^f^^ ^^^^e system in which the central 

Here, for convenienceotexplanM 
position of the flexible substrate 51 ,0 is ^^tStop^^^^ - ," 1 ", 
« aV-axis is defined in a lower directs ^^'^f^^o, and flexible substrate 510. piezoelectric element 
Rg. 58 isacross sectional viewcutaiong^^ 

6». respective electrode layers L1 to LIB. Ml to ^^ a ™^ ^ sectiona , view is taken as the posrtive 

iment. for convenience of explanation, the tower <^"£^£ M rtBmrt™<^*« nM 

direction ol the Z«xis), Further, as f^^f^^S^^ W1 -axts and W2-axis are both P"^*"** 

45 tolorman angleof 45 degrees ^ to ^?^ u££ electrode layers L1 to L4 and lower electrode layers 

me origin O. When such a ^^^^^^Le positive direction of the X-axis. "PPe^<°£ 
M1 «oM4arearrar^lnorderfr^ther^cn^to^ a pos ^ e towafd ^ 

.ayers L5 to Lfl and lower electrode layers M5 to M9 « ^anange^ Mg fe M1 2 ar8 a ^ 
posttive direction o. me Y-axis, upper elec^ete^ 

tower surfaces of a piezoelectric element to apply when a predetermined force is applied to 
« predeterminedpressureispr^ 

me piezoelectric element, a predetermined vottage is produ ceo ac f ab0 ve-described sixteen upper 
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charges and positive charges are respectrvely P rod. xedont p P 8et8oflocalized elements D1 toD16m 



«6.2> Mechanism For Oscillating Oscillator d termi ned polarity 

Consideration will be described in connection wrth a mmoa polarities gs shown ,„ Fig 6 2 are 

ic afco inverted, so the oscillator oou ^ tw0 displacement stales i^ia 

jST- charges delivered are ^^^tZ^^^^^^^^ 



20 



25 



30 



24 



EP 0 662 601 B1 



10 



15 



20 



25 



30 



^r^r<ss™= " * — — - » M ™- - - 

oscillating operation can be conducted loca , jzed elements , « „ possible to osc.llate 

As stated above, if a predetermined a .c "JJ 0 
, he oscillator 550 along me X*x.s. the Y-ax.s and the Z-axis. 

<5. 3> Mechanism For Detecting Coriolis Force 

SubseguentM-thodofd^ 

oscillator 550 as shown in Fig. 61 (In accordance with the p nnc p ^ 55Q „ 

SSorce Fx is carried out in ^^L^X^^ ™« * ^ M 1* £22 
assumed to be oscillating in a direction perpendicular to tne p ^ djrec(lon) . B y action 

of such Cork* force Fx, bendrng takes place in 5 , s D1 , D3 arra nged along he X- 

Tpus a deformation as shown in Fig. 61 takes placets £ M w ^ ^ ^ „ , n e X- 

axis expand in the X-axis direction, and localizea element, D2, D4 s „any a ^ a cnar 

2 diction. Since the piezoelectric element put betweenthese aspects e e« y ^ enc(jmpassed by sma „ 

SS2 shown in Figs. 60(a) and 60(b). ^ ^ ^ ^? ""J? 

circle in Fig. 61 are «*?J-^32XSSK ^ ^ 

strati^^^ 

elementsD13 to D16 arranged along the W2-axis. . 63to65afe implemented to respective electrode 

35 %makinguseo.suchaphenomen<^ 

layeS thereby making it possible to carry otrt *Oono^ m efence Vx produced between termra.sTxl 
possible to detect Coriolis force Fx In the ^'^^^is , eason when consideration is made in connection 
and Tx2 as shown in Fig. 63. It is poss,ble to ea s.ly understa £d tms ^ M when a as 

£ potorities of charges produced in respec^e e atterm Jtx1, and negative charges ar< , * gam- 

<o shown in Fig. 63 is implemented. P"?""**" ™ terminals indicates Coriolis force Fx in the *ax» 

ered at terminal Tx2. Thus, a P°^^°^ ShSnto Rfl- 64 is implemented to respective etecUode layers 
direction. Entirely in the same manner. whenaw, n ngas^mu g Y -axls direction as a potential 

instituting localized elements D5 to D8 I "££2221^*™ 65 is im P ,emented * -TS 
difference W across terminals Ty1 and Ty2. Fu^en^ 

45 electrode layers constituting localized elements D9 to D16 *■ !»■ ^ e|ements D 3 o 

2°. vottagldifference Vz ^7^^^^ D9 to D12 are used, detection of Conolis 
D16 are not necessarily required, but even rt only tour .oca 
force Fz in the Z-axis direction can be made. 

so <5 4> Detection Of Angular Velocity 
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is used lor both the oscillating mechanism and the detecting mechanism similarly to the previously described sensor 
accoSng toTe lourth embodiment. In view ol this, let study sharing of roles of respective localized elements ,n the 
detecting operations ol respective angular velocities. 

First let consider the operation for detecting angular velocity <ax about the X-ax.s on the bas,s of the pr.nc.ple 
« shown in Fig. 3. In this case, it is necessary todetect Coriolisforce Fy produced in the Y-axis direction when an oscillator 
tecTJed to undergo oscillation Uz in the Z-axis. In order to allow the oscillator 550 to unde^o osafefon Uz^rt • 
sufficient to deliver an a.c. signal to localized elements D9 to D16 arranged on the W1 -axis and the W2-ax,s. Further, 
fn o de" o detect Coriolis force Fy applied to the oscillator 550, it is sufficient to detect voltages produced at localized 
LCte OS IfoSnged on the Y axis. The remaining focalized elements D1 to D4 are no. used in this detecting 

" ^ SuTsequently. let consider the operation for detecting angular velocity <oy about the Y-axis on the basis of the 
principle shown in Fig. 4. In this case, it is necessary to detect Coriolis force Fz produced In the 
an oscillator is caused to undergo oscillation Ux in the X«xis direction. In order to allow the osc.llator 550 to undergo 
£S5£5x. it is sufficient to deliver an a.c. signa. to localized elements D1 to 04 arranged on the X-ax* .firth* 
todetect CorioHsfc^eFzapplied to the oscillator 550, it is «^»^"?r , 7^^KS2 
elements D9 to D16 arranged on the W1-axis and the W2-axis. The rema^-ng tocatazed elements 05 to 08 are not 

USed Rnaty ZSSZnTS^ *>r detecting angular velocity <oz about the Z-axis on the basis of the principle 
shown in Fig. 5. In this instance, it is necessary to detect Coriolis force Fx produced in the ™ 
oscillator is caused to undergo oscillation Uy in the Y-axis direction. In order to allow the osc.llator 550 to undergo 
S ruy, it is sufficient to deliver a^ 

orierto detect Coriolis force Fx applied to the oscillator 550, it is sufficient to detect voltages produced at localized 
elements Ol to 04 ananged on thTx-axis. The remain^ focalized elements 09 to 01 6 are no, used in this detecting 

^"described above, it is seen that in the case of detecting any one of angular velocity components m. «y. «z by 
using this sensor, sharing of the role with respect to respective localized elements is conveniently earned out, so 
Section is^ed out wT.hout hindrance. It should be noted that since it is unable to detect plural ones of angular 
veSrcomptnents cox, «* <oz at the same time, in the case where an attempt is made to detect three angular velocty 
necessary to conduct time^iviston processing as described later to sequentially carry out detecfons 

30 one by one. 

<5: 5> Modification 1 
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In accordance with the above-described sensor of the fifth embodiment, it is possible to determme Conolts force 
comoonentsFx Fy Fz in the XYZ three-dimensional coordinate system as potential differences Vx. Vy, Vz.respect.vely. 

possLe to detect angular velocity components on the basis of these potential differences However, .n 
order to detectthese potential differences, it is necessary to implement wirings as shown ,n the c.rcu.t d.agram* .of 
Figs. 63 to 65 to respective electrode layers. Such wirings are such that upper electrode layers and tower electrode 
layers are mixed. Therefore, in the case of mass-producing such sensors, the cost for wmng cannot be neglected as 
compared to the total cost of product. This modification 1 is characterized in that the polar,zat,on character.^ of the 
Diezoelectric is partially varied, thereby simplifying wiring to reduce the manufactunng cost .. .. 

P SpTevtousry d escnbed. it is possible to manufacture piezoelectric elements having an arbitrary po.anzat.on char- 
acteristfc by me present technology. For example, the piezoelectric element 520 used in the ^^^^ 
according to the fifth embodiment had a polarization characteristic of the type III as shown .n F.gs^ 60(a) and 60(t* 
^n me contrary, K is also possible to manufacture piezoelectric element 530 r^ing a polar.zat.on ^ 
type IV as shown in Figs. 66(a) and 66(b). Namely, it is possible to manufacture p.ezoelectr« ; elemen 530 . hawnga 
polarization characteristic such that in the case where a force in a direction to expand along the XV ptane . »appM 
as shown in Fig. 66(a), negative charges and positive charges are respectively produced on the upper electrode layer 
L side and on me tower electrode layer M side, while in the case where a force in a direct™ to 
piane is applied as shown in Fig. 66(b), positive charges and negative charges are respectwely produced « to upp« 
LctrodelayerLsideandon^ 

element tohave polarization characteristic of the type m and to allow another port.on to have ^ 

of the type IV lh the modification described below, a piezoelectric element to whtch such a locafized polanzabon 

processing is implemented is used to thereby simplify the structure of the sensor.^ tBJftl .. 

Let now consider piezoelectric element 540 as shown in Fig. 67. This piezoelectric elemen 540 is a doughnut disk 
shaped eZ. whfch' is entirely the same in shape as the piezoelectric element 520 used In the above^'^ 
sensor of Fig 57 However, its polarization characteristic is different from that of the p.ezoelectr.c element 520. The 
52 Sent 520 was an element in which all portions have portion characteristic of the type III as pre- 
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.u ■ ^oiorthc element 540 has polarization characteristic of either the type III 

D15 (see Figs. 59 and 67). ^ uced at respective electrode layers vary m 

When consideration is now made as to how ^ la ;'^fJ 7 ^ n 9 cha ; acteristic as shown in Fig. 67 is used in place 
the case where ,he piezoelectric element 540 JJJ^^^J^ at upper electrode iayers L2, L4, L6 L8, 
o. the piezoelectric element 520 t ueXo. M11. MH M15 are inverted. For example, in 

L10. L11. LU, LIS and lower electrode la y e ^^ sa ™i ie 7 C h arg e S of polarities as shown in Fig. 61 are produced 
thecasewhereCoriolisforceFx^ ^ h Fjg . af9 prod d , n me 

in the previously described sensor of F,g. 57. whereas cha^g P ^ app|je(J cha of 

sensor of this modification. Further^ ^T^^Sd I sensorof Fig. 57. whereas charges of potent.es 
potarities as shown in Fig. 62 are P^^^SJS^ For this reason, when wirings as shown m Figs, 
as shown in Fig. 69 are produced in ^^^^e to determine Corio.is force components Fx. Fy. 
70 to 72 are implemented to respective electrode layers, it is poss 

Fz as potential differences Vx, Vy. Vz, respectively. dfoecUon. since polarities 

For examp.e. with respect to the aT*veS the wiring shown in Fig. 63 is replaced by 

of charges produced at electrode layers ;L2 ^^^^!^0Mt^P»^W*^ 
the wiring shown in Fig. 70. SMIarty ^J^S^JS LB. M8 are inverted, the wiring shown in Fig. 64 

since polarities of charges produced at «J»* D *£^ ™ to lhe operation for detecting Coriolis force Fz in 

SSTlSSi; shown^Fig. 65 "^2^^"™ T 
H is to be noted that in the case where the p. ""J^JTWo is simplified. Namely, in order to oscillate the 
is used, an a.c. signal applied in order to J pLe to all the localized elements D1 to 

oscillator 550 in the X-axis direction, it is t ^*^™J5£ l Z in the Y-axis direction, it is sufficient to 
04 as shown in Fig. 68. Similarly, in the case of okM «» ™ l case of oscillating the oscillator 

oe,ivera.c.signalsinphaseto^ 

550 in the Z«xis direction, it is sufficient to jn P manu{acturi ng actual sensors as compared to the 

The wirings shown in Figs. 70 to 72 have 70 , 0 72 resides in that even in the case 

wirings shown in Figs. 63 to 65. The ^'^SLd the Z-axis, it Coriolis force is applied ,n 
where a Coriolis force is applied in any direct^ J* barges are necessarfiy produced on the upper 

the positive direction of each axis. Poa*woch«9M and " e ^« ■ ^ (eatur6| lt is poss.ble to 

e.ecUode layer side and on the tower electrode laye ^^Jj^ ™ , te Lnals Tx2. Ty2, Tz2 in Figs. 70 to 

. simpfify wiring of the entirety of ^^[^ZZZ^reiJ^ potential (earth). In M > case, sixteen 
72 are connected to sensor casing 560 to take a i potentiar m each 0{ner Eve0 „ such an approach 

tower etectrode layers Ml to M16 are n the state where JJ^JJ^ x ^ xjs difection is obtained as a voltage wrth 
is employed, a potential difference Vx »W ^^^Xting Coriolis force Fy in the Y-axis direction is 
respect to the earth of terminal Tx1. a P^^J^* ^ a pJLlal difference Vz indicating Coriota force 

«, obtained as a voltage with respect to the ^j^^ ^ the^rth of terminal TO. According.* this sensor 
Fz in the Z-axis direction is ^^^Ct'o sixteen lower e.ectrode layers Ml to M16 . 

-ro;^ 

45 <5. 6> Modification 2 

Inthecase where piezoe^^^ 
described modification 1 . it is possible to provide mm M be conductwe . mere is no necessity 

conductive. As stated above, ^^^Z^X^^ ^ r6S ^ Va ir ,9,y ^ 
so of allowingthese sixteen electrode layers to be '"^'^ 

opposite to all the sixteen upper electrode layers L1 to L16. 



ss <5. 7> Modification 3 



^^sh^h modification 2 it is sufficient to use flexible substrate 

Inordertofurihersimplify^^^ lf such flexible substrate 570 is 

570 comprised of a conductive material (e.g„ metal) m place of ftextDie 
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, fl „» «;*o is directly connected to the upper surface 



above 

<5. 8> Other Modifications 
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<5. 8> Other woam^^- ^ be 

Whi,e the above—ed sensors al. use a Pf^S 

^Twhich can be suitably changed « design. 
y SIXTH EM BODIMENT 

^^PrincipleOfSensorAccordingToSixthEmbodiment 

oscii.al^nUz^theZ-ax.sd.rect.o eeihla t0 dete ct displacement of the oscillator 

^ the other hand, by six*, coils arranged in this way, I b*» K caused to undergo disptece- 

~ - Structure And Operation Ol Actual Sensor u , 

acwmmodatedwithinasensor casing 620. Apanmon p» 
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coils J1 , J2 are respectively disposed on th.s side ot the oscillator 

the same as the arrangement shown in Fig. 75. oredetefmine d pair of coils, thereby making it possible to 

As described above, a current is caused to flow in * P"?T^?L™ change 0 , a predetermined pair of 
oscillate the oscillator 610 in a predet ^^^^^StSL in a' predetermined axia. 

damental principle shown in Figs. 3 to 5. 

§7 nFTECTING OPERATION 

<7 i> Detection Of Acceleration 

WhUevariousembodimen^^ 
sore really haveadoub.e function not ^"^'^EJiba^ldr^l*^ 
This is MUM in connect^ with MN, J^^SJSSSi velocity «*, * is suffice, to measure 
for detecting angular velocity m about the X-ax.s^ In oreier to ^ rf (q un£jefgo 

Coriolis force Fy exerted in the Y-axis d.rechon .r, £ rstete where the ^ ^ fe ^ fe ^ ^ 

Uz in the Z-axis. Meanwhile, the reason ^^^^^a^^nX^Xe^e^^^ 
oscillator 1 30 was caused to intenfonafly undergo >°*^™™ not pioduced. However, even if the oscillator 
m is exerted. If the oscillator 130 is not oscillated. ^"^£££^130 in the Y-axis direction takes place. 
, 30 is no, osciHated. there are instances ^ ^^SS! 130. In accordance with the 
This is the case where an acceleration in the Y^rec^ ^aPP pr0 portional to the mass 

fundamental ru.e of dynamo, when an accele a^ 

^^^^ 

the method of detecting Coriolis force. fl<snectiV e embodiments, a force detected in a predetermined 

Eventually, in the aboveOescnbed sensors dtawprtw ^ djrection , l8 Coriolis force. The 

axial direction, wtth an oscillator being ^^^^^^ZZ^^^em^^-^m 

magnitude of this Coriolis force ^^J^^SS^^^ «* osci,la, « i - is a,0rce ba " d 
contrary, a force detected in a predetermined ax bI Mtov ^^'"^L ^ a va , ue corresponding to the 
on an acceleration exerted in that axia. direction. The ^^^J^^ moM ^c^^ 

<7 2> Time-divisional Detecting Operation 
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o, accelerate. With respect to me acceleration,, is possfcfc ^J^^jJ^^^^^ 
<te.ect.ng m^han^ra For ex^ n . * cased the s 9 ^ ^ ^ ^ ^ q( ^ 

continuously executed, similar operation will be repeatedly executed. 



<7. 3> Detecting Circuit 



Subsequent*, ft. ^amenta, configuration of the 

. Sildi^gadisp^ 

detection signals of displacements w*h reaped to^heX-, ££££ Lotion on the oscillating sectton 

practical sensor, there are .nstances where ™°^ s £™™ZZxe difficult t0 clea rly classify respective 

» this sensor is assumed to be represented by a s,m pl e mode. ^ "J^^ 6 ^^^,^ term ina.s X, 

g., an a.c. signal. Multiplexer 712 includes switches swi . t»w ^ av ^.j,,^™ section 710 . On the other 

in the oscillating generator 711 defined to any one of term nab X, Y. 2 of is delivered to a 

SsESSskssksx saassssssss 

40 a control signal to the detection value output circurtTM- actual circujt djagfam 

and, an intentional excitation with respect to the „, skmal indic ating Coriolis force, but 

from respective terminals X.Y.Z of the detecting section 720 at this fime a n > not signal w 
a signaling a displacement produced by a force ^^^^^^Z^ W 
SW6area..ON.ftreesigr^ 

titles in three axel dwectwns of X Y. Z t are ^™^ a ™°^ eleralion Th US , the displacement quantities in the 
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az from the detection value output circuit 730, respectively. 

Subsequently, the controller 740 carries out processing for detecting angular velocity ox as processing at step S2. 
Namely, the controller 740 delivers, to multiplexers 712, 722, on the basis of the principle shown in Fig. 3, an indication 

s to allow switch SW1 to be turned OFF, 

to allow switch SW2 to be turned OFF, 

to allow switch SW3 to be turned ON, 

to allow switch SW4 to be turned OFF, 

to allow switch SW5 to be turned ON, and 
10 to allow switch SW6 to be turned OFF. 

As a result, the oscillating section 71 0 allows the oscillator to undergo oscillation Uz in the Z-axis direction. The detecting 
section 720 outputs, from terminal Y, a detection signal indicating displacement in the Y-axis direction of the oscillator 
by action of Coriolis force Fy produced at this time. The displacement detecting circuit 721 detects a displacement 

is quantity in the Y-axis direction on the basis of this detection signal. Trie controller 740 instructs the detection value 
output circuit 730 to output the detected displacement quantity as a value of angular velocity cox about the X-axis. Thus, 
the displacement quantity in the Y-axis direction detected at the displacement detecting circuit 721 is outputted as 
angular velocity cox from the detection value output circuit 730. 

Then, the controller 740 carries out processing for detecting angular velocity coy as processing at step S3. Namely, 

20 the controller 740 delivers, to multiplexers 71 2, 722, on the basis of the principle shown in Fig. 4, an indication 

to allow switch SW1 to be turned ON, 
to allow switch SW2 to be turned OFF, 
to allow switch SW3 to be turned OFF, 
25 to allow switch SW4 to be turned OFF, 

to allow switch SW5 to be turned OFF, and 
to allow switch SW6 to be turned ON. 

As a result, oscillating section 710 allows the oscillator to undergo oscillation Ux in the X-axis direction. The detecting 
30 section 720 outputs a detection signal indicating displacement in the Z-axis direction of the oscillator by action of 
Coriolis force Fz produced at this time from terminal Z. The displacement detecting circuit 721 detects displacement 
quantity in the Z-axis direction on the basis of this detection signal. The controller 740 instructs the detection value 
output circuit 730 to output the detected displacement quantity as a value of angular velocity coy about the Y-axis. Thus, 
the displacement quantity in the Z-axis direction detected at the displacement detecting circuit 721 is outputted as 
35 angular velocity coy from the detection value output circuit 730. 

Further, the controller 740 carries out processing for detecting angular velocity coz as processing at step S4. Namely, 
the controller 740 delivers, to multiplexers 712, 722, on the basis of the principle shown in Fig. 5, an indication 

to allow switch SW1 to be turned OFF, 
40 to allow switch SW2 to be turned ON, 
to allow switch SW3 to be turned OFF, 
to allow switch SW4 to be turned ON, 
to allow switch SW5 to be turned OFF, and 

to* allow switch SW6 to be turned OFF. 1 

45 

As a result, the oscillating section 710 allows the oscillator to undergo oscillation Uy in the Y-axis direction. The detecting 
section 720 outputs a detection signal indicating displacement in the X-axis direction of the oscillator by action of 
Coriolis force produced at this time from terminal X. The displacement detecting circuit 721 detects displacement 
quantity in the X-axis direction on the basis of this detection signal. The controller 740 instructs the detection value 

so output circuit 730 to output the detected displacement quantity as a value of angular velocity about the Z-axis. Thus, 
the displacement quantity in the X-axis direction detected at the displacement detecting circuit 721 is outputted as 
angular velocity coz from the detection value output circuit 730. 

The above-mentioned processing is repeatedly executed via step S5. Accordingly, if such sensor is mounted in a 
moving body, it becomes possible to continuously detect acceleration components in three axial directions and angular 

ss velocity components about three axial at respective time points. 
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<7 . 4> Other Detecting Principled Angular Velocity 
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4>Utner ueieuuny r,u~., - h f da ental 

the fundamental principle shown inFig^^ 

caused lo undergo oscillation Uz in ^eZ^ts directs Bdet^ea^n ^ oscjllator m cauMd , 0 

in Rg^79 it is sufficient to detect Coriolis force case c4 detecting angular velocity «y about the ^"^* ,s ' 

undergo oscillate Uy in the Y-axis direct-on. S-mHarly. .n the ^ Fz 9 produce d in the Z«xis direcfion when 
in Sance with the fundamental V^*r^f*£ , J^£nM In accordance with the fundamental 
he collator is caused to undergo oscillator, Ux .n the jn me M dUecfion when the oscillator 

prtnc^le shown in Fig. 80, it is sufficient '° de,ec * [n^ddHton ^n thecase of detecting angular velocity aa about 

Eusedtoundergo<>scillati^^ (oree f% pfoduced jn , he 

STSxI.. in accordance with the fundamental pmopta *JT directi0 n is detected. In accordance with 

when the oscillator is caus«Ho KSii force Fy produced in the Y-axis d,rect,on 

Tn short, the multi-axial velocity sensor *°°^»££^ttm in the case where angular 
osItorposKiouKUtme^ 

applied about the first axis, when oscillation U is gwen in ines principles as shown n F.gs. 79 to 

Sw» Either selection of P*^- ££J ^nfo which the fundamental prindcK shown « Figs. 



2S < 7.5>De«ect i onByCc^binationOfTheFundamenta.Principles 



5> Detection Dy w • 

^ o to thk invention it is possible to carry out both 
As ascribed above, in the angufar vetoc* '"Z^^JiES^*" ^TTZtZ 
detection based on the fundamental pnnople sh own in I igs 3 *ot> gfe ^^ed. For the 

£ in Figs. 79 1081. and ^^^^TZ^ ■**"» is carried out. If is seen that 
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to execute the detecting operations 1 to 3 in the above 
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employ the X-axis and the Y-axis (see the column of U). In other words, it is not necessary to oscillate the oscillator in 
the Z-axis. Further, it is sufficient (or the axis for detecting Coriolis force to employ only the Y-axis and the Z-axis (see 
the column of F). In other words, it is not necessary to detect Coriolis force in the X-axis direction. Eventually, as the 
oscillating mechanism, it is enough to permit the oscillator to undergo oscillation in two axes directions of X-axis and 

5 the Y-axis. As the detecting mechanism, it is enough to permit detection in two axes of the Y-axis and the Z-axis. It 
was the premise that various embodiments which have been described above all include an oscillating mechanism for 
oscillating an oscillator in three axial directions of X, Y, Z and a detecting mechanism for detecting Coriolis force com- 
ponents in three axial directions of X, Y, Z. However, by suitably combining the fundamental principles in this way, 
detection of angular velocity components about three axes can be made by using an oscillating mechanism in two 

10 axes directions and a detection mechanism in two axes directions. 

While the above-described embodiments were ail directed to a three-dimensional angular velocity sensor for de- 
tecting angular velocity components about three axes of X, Y, Z, in the case where it is sufficient to detect only angular 
velocity components with respect to specific two axes of these three axes, it is possible to use a two-dimensional 
angular velocity sensor in which a portion of the oscillating mechanism or the detecting mechanism is further omitted. 

15 For example, let now consider only the detecting operation 1 and the detecting operation 2 in the above Table. In order 
to carry out these two detecting operations, it is sufficient that an oscillating mechanism in the X-axis direction and a 
detecting mechanisms in the Y-axis and Z-axis directions are provided. As a result, it is possible to detect angular 
velocity about the Z-axis and angular velocity about the Y-axis. Accordingly, a two-dimensional angular velocity sensor 
can be realized by the oscillating mechanism in one axial direction and the detecting mechanism with respect to two 

so axes. 

In addition, combination as described below may be employed. Let now consider only the detecting operation 2 
and the detecting operation 3 in the above Table. In order to carry out these two detecting operations, it is sufficient 
that an oscillating mechanisms in the X-axis and Y-axis directions and a detecting mechanism with respect to the Z- 
axis direction are provided. As a result, angular velocity about the Y-axis and angular velocity about the X-axis can be 
25 detected. Accordingly, a two-dimensional angular velocity sensor can be realized by the oscillating mechanisms in two 
axes directions and the detecting mechanism with respect to one axis. 

INDUSTRIAL APPLICABILITY 

30 A mutti-axial angular velocity sensor according to this invention can respectively independently detect angular 

velocity cox about the X-axis, angular velocity coy about the Y-axis, and angular velocity coz about the Z-axis with respect 
to an object moving in an XYZ three-dimensional coordinate system. Accordingly, when mounted in an industrial ma- 
chine, an industrial robot, an automotive vehicle, an air-plane, or a ship, etc., this multi-axial angular velocity sensor 
can be wtdeiy utilized as a sensor in carrying out recognition of moving state or a feedback control with respect to 

35 movement. In addition, this multi-axial angular velocity sensor can be also utilized for control to correct unintentional 
hand movement at the time of photographing by camera. 
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C(a(ms 

1 . An angular velocity sensor for detecting an angular velocity component about an axis, the sensor comprising: 



(a) an oscillator having mass; 

(b) a sensor casing for accommodating the oscillator therewithin; 

4S (c) connection means for connecting the oscillator to the sensor casing so that the oscillator can be moved 

with a degree of freedom; 

(d) excitation means for oscillating the oscillator with said degree of freedom; and 

(e) displacement detecting means for detecting a displacement of the oscillator; 

so characterized In that: 

(f) the oscillator (130; 211; 241; 260; 321; 440; 550; 610) is supported by the connection means (110; 212; 
252; 31 2; 41 0; 51 0; 640, 650) with respect to the sensor casing (1 40; 220, 230; 270, 280, 290; 322, 330, 340; 
450; 560; 620, 630, 660) so that the oscillator can be moved with a degree of freedom in all of a first axis, a 

ss second axis and a third axis directions of a three-dimensional coordinate system; 

(g) the excitation means (E0 to E5, F0 to F5; GO to G10; D1 to D1 6; J1 to J6) has a function to oscillate the 
oscillator linearly in at least one axis direction of said first second and third axis directions; and 

(h) the displacement detecting means (E0 to E5, F0 to F5; GO to G1Q; Rx1 to Rx4; Ry1 to Ry4, Rz1 to Rz4; 
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D1 to D16; J1 to J6) has a function to detect a displacement ot the oscillator in a detecting direction perpen- 
dicular to an axis along which the oscillator oscillates; 

(i) wherein control means (740) is further provided for executing at least two different detecting operations to 
obtain at least two angular velocity components about different axes of said three-dimensional coordinate 
system by changing an oscillating direction and/or a detecting direction with every detecting operation. 

An angular velocity sensor according to claim 1: 

wherein the control means has a function to execute; 

a first detecting operation for oscillating the oscillator in a first axis direction and detecting a displacement of 
the oscillator in a second axis direction to obtain an angular velocity component about a third axis; and 
a second detecting operation for oscillating the oscillator in said first axis direction and detecting a displacement 
of the oscillator in said third axis direction to obtain an angular velocity component about said second axis. 

An angular velocity sensor according to claim 1 : 

wherein the control means has a function to execute; 

a first detecting operation for oscillating the oscillator in a first axis direction and detecting a displacement of 
the oscillator in a second axis direction to obtain an angular velocity component about a third axis; and 
a second detecting operation for oscillating the oscillator in said third axis direction and detecting a displace- 
ment of the oscillator in said second axis direction to obtain an angular velocity component about said first axis. 

An angular velocity sensor according to claim 1 : 

wherein the control means has a function to execute; 

a first detecting operation for oscillating the oscillator in a first axis direction and detecting a displacement of 
the oscillator in a second axis direction to obtain an angular velocity component about a third axis; and 
a second detecting operation for oscillating the oscillator in said second axis direction and detecting a dis- 
placement of the oscillator in said third axis direction to obtain an angular velocity component about said first 
axis. 

An angular velocity sensor according to claim 1 : 

wherein the control means has a function to execute; 

a first detecting operation for oscillating the oscillator in a first axis direction and detecting a displacement of 
the oscillator in a second axis direction to obtain an angular velocity component about a third axis; 
a second detecting operation for oscillating the oscillator in said first axis direction and detecting a displacement 
ot the oscillator in said third axis direction to obtain an angular velocity component about said second axis; and 
a third detecting operation for oscillating the oscillator in said second axis direction and detecting a displace- 
ment of the oscillator in said third axis direction to obtain an angular velocity component about said first axis. 

An angular velocity sensor according to claim 1 : 

1 ' wherein the excitation means has a function to oscillate the oscillator in every respective direction along the 
respective three axes and the displacement detecting means has a function to detect a displacement of the 
oscillator in said every respective direction; and 

wherein the control means has a function to execute three different detecting operations to obtain three angular 
velocity components about said respective three axes. 

An angular velocity sensor according to claim 1 : 

wherein the control means has a function to execute; 

a first detecting operation for oscillating the oscillator in a first axis direction and detecting a displacement of 
the oscillator in a second axis direction to obtain an angular velocity component about a third axis; 
a second detecting operation for oscillating the oscillator in said second axis direction and detecting a dis- 
placement of the oscillator in said third axis direction to obtain an angular velocity component about said first 
axis; and 

a third detecting operation for oscillating the oscillator in said third axis direction and detecting a displacement 
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of the oscillator in said first axis direction to obtain an angular velocity component about said second axis. 

8. An angular velocity sensor according to claim 7: 

wherein the control means further executes a fourth detecting operation for preventing the excitation means 
from oscillating the oscillator and for detecting displacements in all of the first, second and third axis directions of 
the oscillator to obtain acceleration components exerted in the respective directions. 



Patentanspruche 

1. Winkelgeschwindigkeitssensor zum Ermitteln einer Winkelgeschwindigkeitskomponente bezuglich einer Achse, 
umfassend: 

(a) einen eine Masse aufweisenden Oszillator; 

(b) ein Sensorgehause zur Aufnahme des Oszillators in seinem Inneren; 

(c) eine Verbindungsein richtung zum Verbinden des Oszillators mit dem Sensorgehause in der Weise, daft 
der Oszillator mit einem Freiheitsgrad bewegt werden kann; 

(d) eine Anregungseinrichtung zum Anregen des Schwingens des Oszillators mit dem Freiheitsgrad; und 

(e) eine Versetzungs-Nachweiseinrichtung zum Nachweisen einer Versetzung des Oszillators; 

dadurch gekennzeichnet, da8 

(f) der Oszillator (130; 210; 241; 260; 321; 440; 550; 610) von der Verbindungseinrichtung (110; 212; 252; 
312; 410, 510; 640, 650) gegenGberdem Sensorgehause (140; 220, 230; 270, 280, 290; 322, 330, 340; 450; 
560; 620, 630, 660) derart gelagert wird, daft der Oszillator mit einem Freiheitsgrad in samtliche Richtungen 
einer ersten Achse, einer zweiten Achse und einer dritten Achse eines dreidimensionalen Koordinatensystems 
bewegt werden kann; 

(g) die Anregungseinrichtung (E0 bis E5, F0 bis F5; GO bis G10; D1 bis D16; J1 bis J6) die Funktion hat, den 
Oszillator in mindestens einer Achsenrichtung von der ersten, der zweiten und der dritten Achsenrichtung 
linear in Schwingung zu versetzen; und 

(h) die Versetzungsnachweiseinrichtung (E0 bis E5, F0 bis F5; GO bis G10; Rx1 bis Rx4; Ry1 bis Ry4, Rz1 
bis Rz4; D1 bis D16; J1 bis J16) die Funktion hat, eine Versetzung des Oszillators in einer Nachweisrichtung 
senkrecht zu einer Achse, entlang der der Oszillator schwingt, nachzuweisen; 

(i) wobei auflerdem eine Steuereinrichtung (47) vorgesehen ist zum Ausf uhren von mindestens zwei verschie- 
denen Nachweisoperationen, urn mindestens zwei Winkelgeschwindigkeitskomponenten bezuglich verschie- 
dener Achsen des dreidimensionalen Koordinatensysterns zu erhatten, indem eine Schwingungsrichtung und/ 
oder eine Nachweisrichtung bei jeder Nachweisoperation geandert wird. 

2. Winkelgeschwindigkeitssensor nach Anspruch 1, bei dem die Steuereinrichtung eine Funktion aufweist, urn fol- 
gende Operationen auszufGhreri: 

eine erste Nachweisoperation zum Schwingenlassen des Oszillators in Richtung einer ersten Achse und zum 
Nachweisen einer Versetzung des Oszillators in Richtung einer zweiten Achse, urn eine Winkelgeschwindig- 
♦ keitskomponente bezuglich einer dritten Achse zu erhatten; und 

eine zweite Nachweisoperation zum Schwingenlassen des Oszillators in Richtung der ersten Achse und zum 
Nachweisen einer Versetzung des Oszillators in Richtung der dritten Achse, urn eine Winkelgeschwindigkeits- 
komponente bezflglich der zweiten Achse zu erhalten. 

3. Winkelgeschwindigkeitssensor nach Anspruch 1 , 

bei dem die Steuereinrichtung die Funktion hat, folgende Operationen auszufuhren: 
eine erste Nachweisoperation zum Schwingenlassen des Oszillators in Richtung einer ersten Achse und zum 
Nachweisen einer Versetzung des Oszillators in Richtung einer zweiten Achse, urn eine Winkelgeschwindig- 
keitskomponente bezuglich einer dritten Achse zu erhalten, und 

eine zweite Nachweisoperation zum Schwingenlassen des Oszillators in Richtung der dritten Achse und zum 
Nachweisen einer Versetzung des Oszillators in Richtung der zweiten Achse, urn eine Wmkelgeschwindig- 
keitskomponente bezuglich der ersten Achse zu erhalten. 
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4. Winkelgeschwindigkeitsf uhler nach Anspruch 1 , bei dem die Steuereinrichtung die Funktion hat t lolgende Opera- 
tionen auszufuhren: 

eine erste Nach weisope ration zum Schwingenlassen des Oszillalors in Richtung einer ersten Achse und zum 
5 Nachweisen einer Versetzung des Oszillators in Richtung einer zweiten Achse, um eine Winkelgeschwindig- 

keitskomponente bezuglich einer dritten Achse zu erhalten; und 

eine zweite Nachweisoperation zum Schwingenlassen des Oszillators in Richtung der zweiten Achse und zum 
Nachweisen einer Versetzung des Oszillators in Richtung der dritten Achse, um eine Winkelgeschwindigkeits- 
komponente bezuglich der ersten Achse zu erhalten. 

10 

5. Winkeigeschwindigkeitssensor nach Anspruch 1 , bei dem die Steuereinrichtung die Funktion hat, folgende Ope- 
rationen auszufuhren: 

eine erste Nachweisoperation zum Schwingenlassen des Oszillators in Richtung einer ersten Achse und zum 
is Nachweisen einer Versetzung des Oszillators in Richtung einer zweiten Achse, um eine Winkelgeschwindig- 

keitskomponente bezuglich einer dritten Achse zu erhalten; 

eine zweite Nachweisoperation zum Schwingenlassen des Oszillators in Richtung der ersten Achse und zum 
Nachweisen einer Versetzung des Oszillators in Richtung der dritten Achse, um eine Winkelgeschwindigkeits- 
komponente bezuglich der zweiten Achse zu erhalten; und 
20 eine dritte Nachweisoperation zum Schwingenlassen des Oszillators in Richtung der zweiten Achse und zum 

Nachweisen einer Versetzung des Oszillators in Richtung der dritten Achse, um eine Winkelgeschwindigkeits- 
komponente bezuglich der ersten Achse zu erhalten. 

6. Winkeigeschwindigkeitssensor nach Anspruch 1 , bei dem die Anregungseinrichtung die Funktion hat, den Oszil- 
25 lator in jeder Richtung entlang der jeweiligen drei Achsen zum Schwingen zu bringen, und die versetzungsnach- 

weiseinrichtung die Funktion hat, eine Versetzung des Oszillators in jeder jeweiligen Richtung nachzuweisen; 
wobei die Steuereinrichtung die Funktion hat, drei verschiedene Nachweisoperationen auszuluhren, um bezuglich 
den drei Achsen drei Winkelgeschwindigkeitskomponenten zu gewinnen. 

30 7. Winkeigeschwindigkeitssensor nach Anspruch 1 , bei dem die Steuereinrichtung die Funktion hat, lolgende Ope- 
rationen auszufuhren: 

eine erste Nachweisoperation zum Schwingenlassen des Oszillators in Richtung einer ersten Achse und zum 
Nachweisen einer Versetzung des Oszillators in Richtung einer zweiten Achse, um eine Winkelgeschwindtg- 
keitskomponente bezuglich einer dritten Achse zu erhalten; 

eine zweite Nachweisoperation zum Schwingenlassen des Oszillators in Richtung der zweiten Achse und zum 
Nachweisen einer Versetzung des Oszillators in Richtung der dritten Achse, um eine Winkelgeschwindigkeits- 
komponente bezuglich der ersten Achse zu erhalten; und 

eine dritte Nachweisoperation zum Schwingenlassen des Oszillators in Richtung der dritten Achse und zum 
Nachweisen der Versetzung des Oszillators in Richtung der ersten Achse, um eine Winkelgeschwindigkeits- 
komponente bezuglich der zweiten Achse zu erhalten. 

6. Winkeigeschwindigkeitssensor nach Anspruch 7, bei dem die Steuereinrichtung auBerdem eine vierte Nachweis- 
operation ausfOhrt, um die Anregungseinrichtung an einem Anregen des Oszillators zum Schwingen zu hindem, 
45 und um Versetzungen des Oszillators in jeder Richtung entlang der ersten, der zweiten und der dritten Achse 
nachzuweisen, um Beschleunigungskomponenten zu erhalten, die in den jeweiligen Richtungen wirken. 



Revendlcations 

so 

1. Capteur de Vitesse angulaire pour detecter une composante de Vitesse angulaire autour d'un axe, ie capteur 
comprenant: 

(a) un oscillateur possedant une masse ; 
55 (b) un Dottier de capteur servant a ioger ('oscillateur ; 

(c) des moyens de raccordement pour raccorder Toscillateur au bottier du capteur de sorte que foscillateur 
peut Stre deplace avec un degr£ de liberty ; 

(d) des moyens d'excitation pour faire osciller 1'oscillateur avec ledit degr6 de liberty ; et 
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(e) des moyens de detection de deplacement pour detecter un deplacement de I'oscillateur ; 
caracterise en ce que 

(f) I'oscillateur (130 ; 211 ; 241 ; 260 ; 321 ; 440 ; 550 ; 610) est supporte par les rnoyens de raccordement 
(110 ; 212 ; 252 ; 312 ; 410 ; 510 ; 640, 650) par rapport au boftier (140 ; 220, 230 ; 270, 280, 290 ; 322, 330, 
340 ; 450 ; 560 ; 620, 630, 660) du capteur de sorte que I'oscillateur peut 6tre deplace avec un degre de iiberte 
dans la totalite des directions d'un premier axe, d'un second axe et d'un troisieme axe d'un systeme de coor- 
donnees tridimensionnel ; 

(g) les moyens d'excitation (E0 a E5, F0 a F5 ; GO a G10 ; D1 a D16 ; J1 a J6) ont pour role de (aire osciller 
I'oscillateur lineairement dans au moins une direction d'axe parmi lesdites premiere, seconde et troisieme 
direction d'axes ; et 

(h) les moyens de detection de deplacement (E0 a E5, F0 a F5 ; GO a G10 ; Rx1 a F&4 ; Ryl a Ry4, Rz1 a 
Rz4 ; 01 a D16 ; J1 a J6) ont pour role de detecter un deplacement de I'oscillateur dans une direction de 
detection perpendiculaire a un axe le long duquel roscillateur oscille ; 

(i) dans lequel des moyens de commande (740) sont en outre prevus pour executer au moins deux operations 
de detection differentes pour I'obtention d'au moins deux composantes de Vitesse angulaire autour d'axes 
differents dudit systeme de coordonnees tridimensionnel, par modification d'une direction d'oscillation et/ou 
tfune direction de detection tors de chaque operation de detection. 

2. Capteur de vitesse angulaire selon la revendication 1 , 

dans lequel les moyens de commande ont pour role d'executer : 

une premiere operation de detection pour faire osciller I'oscillateur dans une premiere direction d'axe et de- 
25 teeter un deplacement de roscillateur dans une seconde direction d'axe pour obtenir une composante de 

Vitesse angulaire autour d'un troisieme axe ; et 

une seconde operation de detection pour faire osciller roscillateur dans ladite premiere direction d'axe et 
detecter un deplacement de I'oscillateur dans ladite troisieme direction d'axe pour obtenir une composante 
de vitesse angulaire autour dudit second axe. 

30 

3. Capteur de vitesse angulaire selon la revendication 1 , 

dans lequel les moyens de commande ont pour rdle d'executer : 

une premiere operation de detection pour faire osciller I'oscillateur dans une premiere direction d'axe et d6- 
35 teeter un deplacement de I'oscillateur dans une seconde direction d'axe pour obtenir une composante de 

vitesse angulaire autour d'un troisieme axe ; et 

une seconde operation de detection pour faire osciller roscillateur dans ladite troisieme direction d'axe et 
detecter un deplacement de roscillateur dans ladite seconde direction d'axe pour obtenir une composante de 
vitesse angulaire autour dudit premier axe. 

40 

4. Capteur de vitesse angulaire selon la revendication 1 , 
dans lequel les moyens de commande ont pour role d'executer : 

une premiere operation de detection pour faire osciller I'oscillateur dans une premiere direction d'axe et de- 
tecter un deplacement de roscillateur dans une seconde direction d'axe pour obtenir une composante de 
vitesse angulaire autour d'un troisieme axe ; et 

une seconde operation de detection pour faire osciller I'oscillateur dans ladite seconde direction d'axe et de- 
tecter un deplacement de I'oscillateur dans ladite troisieme direction d'axe pour obtenir une composante de 
vitesse angulaire autour dudit premier axe. 

Capteur de vitesse angulaire selon la revendication 1, 

dans lequel les moyens de commande ont pour rdle d'executer : 

une premiere operation de detection pour faire osciller I'oscillateur dans une premiere direction d'axe et d£- 
ss teeter un deplacement de I'oscillateur dans une seconde direction d'axe pour obtenir une composante de 

vitesse angulaire autour d'un troisieme axe ; et 

une seconde operation de detection pour faire osciller roscillateur dans ladite premiere direction d'axe et 
detecter un deplacement de I'oscillateur dans ladite troisieme direction d'axe pour obtenir une composante 
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de vitesse angulaire autour dudit second axe ; et 

une troisieme operatbn de detection pour faire osciller I'oscillateur dans tadite seconde direction d'axe et 
detecter un deplacement de I'oscillateur dans ladite troisieme direction d'axe pour obtenir une composante 
de vitesse angulaire autour dudit premier axe. 

5 

6. Capteur de vitesse angulaire sebn la revendication 1 , 

dans lequel les moyens d'excitatbn ont pour role de faire osciller I'oscillateur dans n'importe quelle direction 
respective le long des trois axes respectifs, et les moyens de detection de deplacement ont pour role de 
10 detecter un deplacement de I'oscillateur dans ladite direction respective quelconque ; et 

dans lequel les moyens de commande ont pour rdle d*ex6cuter trois operations de detection differentes pour 
obtenir trois composantes de vitesse angulaire autour desdits trois axes respectifs. 

7. Capteur de vitesse angulaire sebn la revendication 1 , 

15 dans lequel les moyens de commande ont pour rdle d'executer : 

une premiere operation de detection pour faire osciller I'oscillateur suivant une premiere direction cfaxe et 
detecter un emplacement de I'oscillateur dans une seconde direction d'axe pour obtenir une composante de 
vitesse angulaire autour d'un troisieme axe ; et 
20 une seconde operation de detection pour faire osciller I'oscillateur dans ladite premiere direction axe et d&ecter 

un defacement de I'oscillateur dans ladite troisieme direction d'axe pour obtenir une composante de vitesse 
angulaire autour dudit premier axe ; et 

une troisieme operation de detection pour faire osciller I'oscillateur dans ladite seconde direction d'axe et 
detecter un deplacement de I'oscillateur dans ladite premiere direction d'axe pour obtenir une composante de 
25 vitesse angulaire autour dudit second axe. 

8. Capteur de vitesse angulaire selon la revendication 7, 

dans lequel les moyens de commande executent en outre une quatrieme operation de detection pour em- 
peoher que les moyens d'excitation f assent osciller I'oscillateur, et pour detecter des deplacements dans fa totalite 
30 des premiere, seconde et troisieme directions d'axes de rbscillateur pour obtenir des composantes d'acceleration 

appliquees dans les directions respectives. 
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